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ABSTRACT
A STUDY OF ENDOCYCLIC NUCLEOPHILIC 
SUBSTITUTION AT SULFUR( VI )
by
D e b r a  J . M a c l n t y r e - Z o l l e r  
U n i v e r s i t y  o f  New H a m p s h i r e ,  D e c e m b e r ,  1985
To i n v e s t i g a t e  t h e  e f f e c t  o f  g e o m e t r y  on  n u c l e o p h i l i c  
s u b s t i t u t i o n  a t  s u l f u r ( V I ) ,  a s e a r c h  was  made  f o r  e x a m p l e s  
o f  e n d o c y c l i c  s u b s t i t u t i o n .  S u b s t r a t e  m o l e c u l e s  w e r e  
s y n t h e s i z e d  a n d  t h e n  t r e a t e d  w i t h  s t r o n g  b a s e s ,  
r i - b u t  y l  1 i  t h i  um o r  l i t h i u m  d i  i s o p r  opy .1 ami  de , i n  o r d e r  t o  
d e p r o t o n a t e  a n i t r o g e n  o r  c a r b o n  s o  a s  t o  c r e a t e  a 
n u c l e o p h i l e  w h i c h  c o u l d  a t t a c k  a s u l f o n y l  s u l f u r  a t o m 
i n t r a m o l e c u l a r l y  w i t h  d i s p l a c e m e n t  o f  a l e a v i n g  g r o u p  f r o m  
t h e  l a t t e r .  The  d e s i r e d  s u b s t i t u t i o n  was  o b s e r v e d  i n  
s e v e r a l  m o l e c u l e s .  D e u t e r i u m - l a b e l e d  s u b s t r a t e s  w e r e  
p r e p a r e d  a n d  c r o s s o v e r  e x p e r i m e n t s  w e r e  r u n  t o  d e t e r m i n e  
w h e t h e r  o r  n o t  t h e s e  r e a c t i o n s  w e r e  i n t r a m o l e c u l a r .  One  
c a s e  i n v o l v i n g  a f o u r - m e m b e r e d  c y c l i c  i n t e r m e d i a t e  o r  
t r a n s i t i o n  s t a t e ,  t h e  r e a c t i o n  o f  _N- me t  h y l  -  N-  p h e n y l  - 
4 - t o l u e n e s u l f o n a m i  de  w i t h  r i - b u t y l l  i t h i u m , p r o v e d  t o  be 
i n t r a m o l e c u l a r .  A n o t h e r  c a s e  i n v o l v i n g  a f i v e - m e m b e r e d
x i  i
c y c l i c  i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e ,  t h e  r e a c t i o n  o f  
2 - a m i n o a r y l  a r e n e s u l f o n a t e s  w i t h  s t r o n g  b a s e s ,  p r o v e d  t o  be  
i n t r a m o l e c u l a r .  A t h i r d  c a s e  w h i c h  h a d  t h e  p o t e n t i a l  t o  
i n v o l v e  a  s i x - m e m b e r e d  c y c l i c  i n t e r m e d i a t e  o r  t r a n s i t i o n  
s t a t e ,  t h e  r e a c t i o n  o f  2 , - ( N - m e t h y l a m i n o m e t h y l ) p h e n y l -  
U- t o l u e n e s u l f o n a t e , p r o v e d  t o  be  i n t e r m o l e c u l a r . No 
s t e r e o c h e m i c a l  i n v e s t i g a t i o n s  w e r e  u n d e r t a k e n .
x i  i  i
HISTORICAL
T h e r e  a r e  g e n e r a l l y  t h r e e  t y p e s  o f  s u l f u r  i n  o r g a n i c
s u l f u r  c o m p o u n d s :  d i c o o r d i n a t e  d i v a l e n t  s u l f u r ,
t r i c o o r d i n a t e  t e t r a v a l e n t  s u l f u r ,  a n d  t e t r a c o o r d i n a t e
h e x a v a l e n t  s u l f u r .  N u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n s  a t
s u l f u r  h a v e  b e e n  r e v i e w e d  f o r  t h e s e  t h r e e  t y p e s  o f
s u l f u r . 1 - ^ F u r t h e r  i n f o r m a t i o n  on e n d o c y c l i c
n u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f u r  i s  f o u n d  i n  t h e  P h . D .
7 ftd i s s e r t a t i o n s  o f  Y i l d i z  a n d  C h u m p r a d i t .  T h i s
d i s s e r t a t i o n  d e a l s  p r i m a r i l y  w i t h  e n d o c y c l i c  s u b s t i t u t i o n  a t  
t e t r a c o o r d i n a t e  s u l f u r ( V I ) .
Th e  f i r s t  e x a m p l e  i n  w h i c h  t h e  s t e r e o c h e m i s t r y  o f  
n u c l e o p h i l i c  s u b s t i t u t i o n  a t  t e t r a c o o r d i n a t e  s u l f u r ( V I )  wa s
q
e s t a b l i s h e d  was  d e s c r i b e d  by S a b o l  a n d  A n d e r s e n .  When 
( - ) - m e n t h y l  ( S ) - p h e n y l m e t h a n e s u l f o n a t e - 1^ 0 ,  1^ 0 ,
( 1 ) ,  wa s  t r e a t e d  w i t h  4 - t o l y l m a g n e s i u r n  b r o m i d e ,
1 f\ 1 fto p t i c a l l y  a c t i v e  b e n z y l  p - t o l y l  s u l f o n e -  0 ,  0
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S c h e m e  1:  S t e r e o c h e m i c a l  S t u d y  o f  N u c l e o p h i l i c
S u b s t i t u t i o n  a t  S u l f u r ( V I ) .
The  c o n f i g u r a t i o n s  o f  s u l f o n a t e  e s t e r  1 a n d  s u l f o n e
2 w e r e  a s s i g n e d  i n  t h e  f o l l o w i n g  m a n n e r .  ( - ) - M e n t h y l
( R ) -  p h e n y l m e t h a n e s u l f i n a t e  ( 3 )  was  o x i d i z e d  t o
( - ) - m e n t h y l  ( S ) - p h e n y l m e t h a n e s u l f o n a t e  ( 1 )  u s i n g
1 8p o t a s s i u m  p e r m a n g a n a t e  ( 9 0 . 2 %  0 )  i n  a c e t o n e .  The
a s s u m p t i o n  wa s  ma d e  t h a t  t h i s  o x i d a t i o n  p r o c e e d e d  w i t h
r e t e n t i o n ,  a s  i t  d o e s  i n  t h e  o x i d a t i o n  o f  s u l f i 1 i m i n e s , s o
s u l f o n a t e  e s t e r  1 wa s  a s s i g n e d  c o n f i g u r a t i o n  S_ a t
1 0
s u l f u r .  S t i r l i n g  o x i d i z e d  ( R ) - b e n z y l  p - t o l y l
1 8s u l f o x i d e  ( 4 )  t o  s u l f o n e  2 u t i l i z i n g  0 - l a ' c e l e d
p e r a c e t i c  a c i d .  B o t h  t h e  s u l f o n e  o b t a i n e d  by S a b o l  a n d
3A n d e r s e n  i n  t h e  G r i g n a r d  r e a c t i o n  (1 t o  2)  a n d  t h e  
o n e  o b t a i n e d  by S t i r l i n g  ( 4  t o  2) w e r e  l e v o r o t a t o r y  
i n  c h l o r o f o r m  a n d  t h u s  o f  t h e  same  c o n f i g u r a t i o n .  I t  wa s  
a s s u m e d  t h a t  t h e  p e r a c e t i c  a c i d  o x i d a t i o n  p r o c e e d e d  w i t h  
r e t e n t i o n ;  t h u s  s u l f o n e  2 m u s t  h a v e  c o n f i g u r a t i o n  3_ 
a t  s u l f u r .  I t  wa s  c o n c l u d e d ,  t h e r e f o r e ,  t h a t  n u c l e o p h i l i c  
a t t a c k  o f  M - t o l y l m a g n e s i u m  b r o m i d e  o n  s u l f o n a t e  e s t e r  1 
p r o c e e d e d  w i t h  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  s u l f u r .
T h i s  r e a c t i o n  c o u l d  be c o n c e r t e d  a n d  i n v o l v e  an 
S ^ 2 -  l i k e  t r a n s i t i o n  s t a t e .  A l t e r ’ n a t i v e l y ,  i t  c o u l d  
i n v o l v e  an a d d i t i o n - e l i m i n a t i o n  m e c h a n i s m  w h e r e  t h e  
n u c l e o p h i l e  a d d s  t o  t h e  s u l f u r ,  f o r m i n g  a t r i g o n a l  
b i p y r a m i d a l  i n t e r m e d i a t e  ( e q .  1)  f o l l o w e d  by e l i m i n a t i o n  o f  
t h e  l e a v i n g  g r o u p  t o  f o r m  t h e  p r o d u c t .  The q u e s t i o n  o f  
w h e t h e r  a s t e p w i s e  m e c h a n i s m  o r  a c o n c e r t e d  m e c h a n i s m  i s  
o p e r a t i v e ,  i s  s t i l l  d i s p u t e d .
9 0R' . o
RSO R' • Nu" — ► R— S ^ s  — ► R S N u  ( , )
O NU °
E n g b e r t s  _et_ a l  . ^  p r e s e n t e d  e v i d e n c e  f o r  
t h e  f o r m a t i o n  o f  a p e n t a c o o r d i n a t e  s u l f u r  i n t e r m e d i a t e  i n  
t h e  i n t r a m o l e c u l a r  c a r b o x y l - c a t a l y z e d  h y d r o l y s i s  o f  




S c h e m e  2 :  I n t r a m o l e c u l a r  C a r b o x y l - c a t a l y z e d  H y d r o l y s i s  
o f  S u l f o n a m i d e s .
By u s i n g  J a f f e ' s  e x t e n d e d  Ha mme t t  e q u a t i o n  ( l o g  
k / k  = p  1 +/ >2 C2 ) > a COOH
v a l u e  o f  ( - 0 . 5 4  + 0 . 0 2 )  was  o b t a i n e d  w h i c h  i s  s m a l l  b u t  
u n m i s t a k a b l y  n e g a t i v e .  T h i s  v a l u e  i s  c o n s i s t e n t  w i t h  a 
r e d u c t i o n  i n  e l e c t r o n  d e n s i t y  on  t h e  c a r b o x y l  g r o u p  i n  t h e  
t r a n s i t i o n  s t a t e  c o m p a r e d  w i t h  t h e  i n i t i a l  s t a t e .  T h i s  was  
e x p l a i n e d  by p o s  t u l a  t i n g  t h a t  t h e  new o x y g e n - s u l f u r  b o n d  was  
f u l l y  f o r m e d  i n  t h e  t r a n s i t i o n  s t a t e .  The l e a v i n g  g r o u p  
(NHR2 ) p  v a l u e  i s  v e r y  s m a l l  and  n e g a t i v e ,  s i g n i f y i n g  
t h a t  t h e  l e a v i n g  g r o u p  m u s t  c a r r y  a s m a l l  p a r t i a l  p o s i t i v e  
c h a r g e  i n  t h e  t r a n s i t i o n  s t a t e .  The v a l u e  f o r  t h e  
s u l f o n y l  c e n t e r  ( S 0 2 ri) i s  - 0 . 5 3 ,  i n d i c a t i n g  a r e d u c t i o n
i n  e l e c t r o n  d e n s i t y  o n  g o i n g  t o  t h e  t r a n s i t i o n  s t a t e .  The  
s i m p l e s t  t r a n s i t i o n  s t a t e  t o  f i t  t h e  r e q u i r e m e n t  t h a t  a l l  
t h r e e  c e n t e r s -  c a r b o x y l ,  s u l f o n a m i d e  s u l f u r ,  a n d  t h e  l e a v i n g  
g r o u p  n i t r o g e n -  a r e  mo r e  e l e c t r o n  d e f i c i e n t  t h a n  i n  t h e  
i n i t i a l  s t a t e ,  i s  o n e  w h i c h  i n v o l v e s  t h e  b r e a k d o w n  o f  a 
p e n t a c o o r d i n a t e  i n t e r m e d i a t e .  E n g b e r t s  t h e r e f o r e  p r o p o s e d  a 
s t e p w i s e  m e c h a n i s m  i n v o l v i n g  t h e  p e n t a c o o r d i n a t e  
i n t e r m e d i a t e  ( S c h e m e  2 ) .
1 2U s i n g  a_b i n i t i o  s t u d i e s  on  a s i m p l i f i e d  
m o d e l  o f  t h e  a b o v e  p e n t a c o o r d i n a t e  i n t e r m e d i a t e ,  s t r u c t u r e  
5 wa s  p r e d i c t e d  t o  be t h e  m o s t  f a v o r e d  o f  t h e  p o s s i b l e  
s t r u c t u r a l  a l t e r n a t i v e s  w h e r e  p l a c e m e n t  o f  t h e  l i g a n d s  wa s  
v a r i e d .  The  r i n g  o f  t h e  a c t u a l  c o m p o u n d  w o u l d  be  a t t a c h e d  
v i a  a p i c a l  a n d  e q u a t o r i a l  p o s i t i o n s  a n d  t h e  CSO a n g l e  
w o u l d  be a b o u t  9 0 ° .  The  n u c l e o p h i l e  a n d  l e a v i n g  g r o u p  
w e r e  p l a c e d  i n  d i a p i e a l  p o s i t i o n s .
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E n g b e r t s  d i s c u s s e d  k i n e t i c  s a l t  e f f e c t s  a n d  t h e
6T h o r p e - I n g o l d  e f f e c t  114 i n  t h e  i n t r a m o l e c u l a r  
c a r b o x y l - c a t a l y z e d  h y d r o l y s i s  of a l k y l  s u l f o n a m i d e s .  A l l  o f  
t h e  p r e v i o u s l y  m e n t i o n e d  examples of E n g b e r t ' s  wo r k  o n  t h i s  
r e a c t i o n  h a v e  b e e n  e x o c y c l i c  systems, w h e r e  t h e  l e a v i n g
;he parent molecule.
1 5Williams e t  al . Dresented evidence for a
g r o u p ,  ( NHR^ ) ,  i s  e x p e l l e d  f r o m
 
s i n g l e  t r a n s i t i o n  s t a t e  a n d ,  t h e r e f o r e ,  a c o n c e r t e d  
m e c h a n i s m  i n  t h e  s u l f o n y l  g r o u p  ( Ar S Op - )  t r a n s f e r  
b e t w e e n  4 ' - n i t r o p h e n y i  4 - n i t r o b e n z e n e s u l f o n a t e  a n d  v a r i o u s  
o x y a n i o n s  ( S c h e me  3 ) .  The o x y a n i o n s  t h a t  w e r e  u s e d  w e r e  n o t  
s t e r i c a l l y  h i n d e r e d  s p e c i e s  n o r  ot n u c l e o p h i l e s .
x o ^ -
A r S 0 20 A r
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S c h e m e  3:  S u l f o n y l  G r o u p  T r a n s f e r  B e t w e e n  S u b s t i t u t e d
P h e n o x i  d e s .
T h e s e  r e a c t i o n s  w e r e  d e m o n s t r a t e d  t o  i n v o l v e  
n u c l e o p h i l i c  a t t a c k  by t h e  o x y a n i o n s ,  r a t h e r  t h a n  g e n e r a l  
b a s e  c a t a l y z e d  h y d r o l y s i s  by ( 1 )  t h e  i s o l a t i o n  o f  a
7t h e o r e t i c a l  y i e l d  o f  t h e  p h e n y l  e s t e r  when  t h e  4 - n i t r o p h e n y l  
e s t e r  wa s  r e a c t e d  w i t h  p h e n o l a t e  b u f f e r s ,  ( 2 )  t h e  
o b s e r v a t i o n  o f  a n e g l i g i b l e  d e u t e r i u m  i s o t o p e  e f f e c t  
^  Ac( )H  ^ = ° - 9 3 ,  a n d  ( 3 )  t h e  r e a c t i o n  
o f  h i n d e r e d  r e a g e n t s  ( 2 , 2 - d i e t h y l m a l o n a t e  d i a n i o n  a n d  
2 , 4 , 6 - c o l l i d i n e )  w i t h  t h e  4 - n i t r o p h e n y l  e s t e r  w h i c h  g a v e  
r e a c t i v i t i e s  a n  o r d e r  o f  m a g n i t u d e  b e l o w  t h a t  c a l c u l a t e d  
f r o m  t h e  B r o n s t e d - t y p e  e q u a t i o n  g i v e n  b e l o w .
I f  a s t e p w i s e  m e c h a n i s m  w e r e  o p e r a t i v e ,  a c h a n g e  i n  t h e  
r a t e - d e t e r m i n i n g  s t e p  w o u l d  h a v e  o c c u r r e d  a s  t h e  a c c e p t o r  
b e c a m e  m o r e  o r  l e s s  b a s i c  t h a n  t h e  l e a v i n g  g r o u p ,
4 - n i t r o p h e n o x i d e , s i g n i f y i n g  t wo  e l e c t r o n i c a l l y  d i f f e r e n t  
t r a n s i t i o n  s t a t e s .  When t h e r e  i s  no d i f f e r e n c e  i n  d o n o r  a n d  
a c c e p t o r  b a s i c i t i e s  ( A pK = 0 )  , t h e n  t h e  d i s p l a c e m e n t  i n v o l v e s  
a  s y m m e t r i c a l  t r a n s i t i o n  s t a t e .  F o r  a s t e p w i s e  m e c h a n i s m ,  a 
n o n l i n e a r  3 r o n s  t e d  r e l a t i o n s h i p  s h o u l d  be o b s e r v e d ,  w i t h  a 
b r e a k  a t  Ap K = 0 .  F o r  a c o n c e r t e d  m e c h a n i s m ,  a l i n e a r  o r  
g e n t l y  c u r v i n g  B r o n s t e d  c o r r e l a t i o n  s h o u l d  be o b s e r v e d .
T h e  s e c o n d - o r d e r  r a t e  c o n s t a n t s  o f  t h e  r e a c t i o n  o f  
o x y a n i o n s  w i t h  4 - n i t r o p h e n y l  4 ' - n i t r o b e n z e n e s u l f o n a t e  o b e y  
t h e  l i n e a r  p l o t :  l o g  k x o _ / q  = ( 0 . 5 4  + 0 . 1 1 )  ( p KXQH +
l o g  p / q )  -  ( 7 . 8  + 0 . 3 ) ,  ( r = 0 . 9 8 6 ) .  T h e s e  r e s u l t s  i n d i c a t e  
t h e r e  i s  no s u b s t a n t i a l  c h a n g e  i n  t r a n s i t i o n  s t a t e  s t r u c t u r e  
o v e r  a r a n g e  o f  e i g h t  pK u n i t s  o f  t h e  o x y a n i o n s ;  t h e r e f o r e ,  
t h e  t r a n s i t i o n  s t a t e  i s  s y m m e t r i c a l .  T h i s  e v i d e n c e  f o r  a 
s i n g l e  t r a n s i t i o n  s t a t e  was  a l s o  s u p p o r t e d  by t h e  r e a c t i o n
8o f  p h e n o x i d e  i o n  w i t h  a s e r i e s  o f  a r y l  e s t e r s  o f  
M - n i t r o b e n z e n e s u l f o n i c  a c i d ,  w h i c h  o b e y s  a l i n e a r  
B r o n s  t e d - t y p e  r e l a t i o n s h i p :  l o g  k D, ^ = ( - 0 . 9 1  + 0 . 0 9 )
r  fl o- — *“
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W i l l i a m s  a n d  T h e a  1 ^ r e p o r t  t h a t  t h e  h y d r o l y s i s  o f  
s u l f o n a t e  e s  t e r  6 by i n t r a m o l e c u l a r  ami  de g r o u p  
a s s i s t a n c e  g o e s  t h r o u g h  t h e  i n t e r m e d i a t e  7,  ( e q .  2 ) .
T h e y  o b s e r v e d  a l a r g e  n e g a t i v e  p  v a l u e  f o r  t h e  l e a v i n g  g r o u p  
v a r i a t i o n ,  i n d i c a t i n g  t h a t  t h e r e  i s  a c o n s i d e r a b l e  c h a r g e  
i n c r e a s e  on  t h e  l e a v i n g  o x y g e n  ( OAr )  on  g o i n g  f r o m  t h e  
g r o u n d  s t a t e  t o  t h e  t r a n s i t i o n  s t a t e .  T h i s  i s  c o n s i s t e n t  
w i t h  e x t e n s i v e  S - 0  b o n d  f i s s i o n  i n  t h e  t r a n s i t i o n  s t a t e  
9.
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W i l l i a m s  e_t a l  , p r e s e n t e d  e v i d e n c e  t o  
s u p p o r t  a c o n c e r t e d  m e c h a n i s m  i n  t h e  s u l f a t e  g r o u p  
( - S O - )  t r a n s f e r  b e t w e e n  i s o q u  i n o l  i n e - N _ - s u l  f  o r a t e
9a n d  s u b s t i t u t e d  p y r i d i n e s ,  ( e q .  3 ) .  A B r o n s t e d - t y p e  s t u d y  
was  c o n d u c t e d  b e t w e e n  pH 7 a n d  8.  Th e  r e a c t i o n  o b e y e d  go o d  
p s e u d o f i r s t - o r d e r  k i n e t i c s  a n d  f o l l o w e d  t h e  r a t e  l a w:
k o b s  = * b u f f e r  + k H , 0  * k X p y r C X p y r ] •
G e n e r a l  b a s e  c a t a l y s i s  was  e x c l u d e d  by t h e  o b s e r v a t i o n  t h a t  
t h e  r a t e  o f  2 , 6 - l u t i d i n e  was  t wo o r d e r s  o f  m a g n i t u d e  l o w e r  
t h a n  t h a t  p r e d i c t e d  by t h e  B r o n s t e d  e q u a t i o n .
R = 3 - CN,  3 - B r ,  4 -MeOCO, 3-CHO,  3-CH CN, 4-CHO,  H, 3 - Me ,  
3 . 5 - M e ? , 4 - Me ,  3 , 4 - M e ~ ,  4 - m o r p h o l i n o , 4-NH~,
4 -Me^N 2 2
I f  a  s t e p w i s e  m e c h a n i s m  w e r e  o p e r a t i v e ,  a B r o n s t e d  p l o t  
o f  l o g  v e r s u s  pKXpyr  w o u l d  h a v e  e x h i b i t e d  a
b r e a k  a t  t h e  pK c o r r e s  p o n d i n g  t o  i s o q u i n o l i n e .  I f  a 
c o n c e r t e d  m e c h a n i s m  w e r e  o p e r a t i v e ,  a l i n e a r  p l o t  was 
e x p e c t e d .  Th e  r e a c t i o n  o b e y e d  t h e  l i n e a r  p l o t :  l o g
kXp y r  = ( 0 ' 23 ± ° ' 0 0 2 )  PKXpyr  -  ( 1 . 9 2  ± 0 . 0 4 ) ,
( r = 0 . 9 9 5 ) .  T h e  o b s e r v a t i o n  o f  a l i n e a r  r e l a t i o n s h i p  
e x c l u d e d  t h e  s t e p w i s e  m e c h a n i s m  b u t  was  c o n s i s t e n t  w i t h  t h e
c o n c e r t e d  m e c h a n i s m .
1 ftA s t u d y  d o n e  by W i l l i a m s  a n d  c o w o r k e r s  o n  
s u l f a t e  g r o u p  t r a n s f e r  b e t w e e n  s u b s t i t u t e d  p y r i d i n e s  a n d  
p h e n o l s  i n  a q u e o u s  s o l u t i o n  a l s o  s u p p o r t e d  a s i n g l e  
t r a n s i t i o n  s t a t e ;  i . e . , a c o n c e r t e d  m e c h a n i s m ,  ( S c h e m e  
4 ,  p a t h  a ) .
*
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S c h e m e  4 :  S u l f a t e  G r o u p  T r a n s f e r  B e t w e e n  S u b s t i t u t e d
P y r i d i n e s  a n d  P h e n o l s .
The  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  r e a c t i o n  wa s  g i v e n  
t h e  e x p r e s s i o n :  l o g  Kp ^ = ( 1 . 7 4  + 0 . 1 )  pKAr0H - 
( 1 . 2 4  + 0 . 0 2 )  pKXp y r  + 0 . 0 8 .  The  L e f f 1 e r - G r u n w a l d  
p a r a m e t e r s  ( <k q = d I n  kp /  d I n
K£ q)  f o r  N-S f i s s i o n  ( 0 . 8  ± 0 . 0 5 )  a n d  S - 0  f o r m a t i o n  
( 0 . 1 3  ± 0 . 0 0 2 ) w e r e  d e r i v e d  f r o m  d a t a  o b t a i n e d  by  v a r y i n g
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t h e  s t r u c t u r e  o f  t h e  s u b s t i t u t e d  p y r i d i n e s  a n d  p h e n o l s .
F r om t h e s e  v a l u e s ,  W i l l i a m s  d e d u c e d  t h a t  t h e  c o n t r o l l i n g  
t r a n s i t i o n  s t a t e  h a s  o n l y  we a k  N- S a n d  S - 0  b o n d s  a n d  i s  
s y m m e t r i c a l .  I f  t h e  a p i c a l  b o n d  o f  t h e  s t e p w i s e  
i n t e r m e d i a t e  ( S c h e m e  4 ,  p a t h  b)  i s  a s s u m e d  t o  be  a n a l o g o u s  
t o  t h a t  i n  t h e  t e t r a c o o r d i n a t e  s u l f u r  s p e c i e s ,  t h e n  t h e  
B r o n s t e d  p l o t  d a t a  o f f e r e d  by W i l l i a m s  i s  c o n s i s t e n t  w i t h  a 
c o n c e r t e d  m e c h a n i s m  a n d  n o t  w i t h  t h e  s t e p w i s e  m e c h a n i s m .
I f  t h e  s t e p w i s e  i n t e r m e d i a t e  h a d  e x t r a o r d i n a r i l y  we a k  
a p i c a l  b o n d s ,  c l o s e  i n  s t r u c t u r e  t o  t h e  t r a n s i t i o n  s t a t e  f o r  
t h e  r a t e - d e t e r m i n i n g  s t e p ,  t h e  d a t a  i s  a l s o  c o n s i s t e n t  w i t h  
a  s t e p w i s e  m e c h a n i s m .
T h e r e  i s  p r e c e d e n t  f o r  s u c h  w e a k l y  b o n d e d  a p i c a l  a t o m s .
19- 21M a r t i n  a n d  c o w o r k e r s  s y n t h e s i z e d  s e v e r a l  s t a b l e
s u l f u r a n e s  10 a n d  s u l f u r a n e  o x i d e  11 .  T h e i r  
t r i g o n a l  b i p y r a m i d a l  g e o m e t r i e s  w e r e  d e d u c e d  f r o m  X - r a y  
c r y s t a l l o g r a p h i c  d a t a .  The a p i c a l  S - 0  b o n d s  w e r e  f o u n d  t o  
be  s i g n i f i c a n t l y  l o n g e r  t h a n  t h e  sum o f  t h e  s u l f u r  a n d
<2 o
o x y g e n  c o v a l e n t  r a d i i  ( 1 . 7 0  A ) .  The  S - 0  a p i c a l  b o n d s  
i n  s u l f u r a n e  10 w e r e  c a . 1 . 8 2  A a n d  i n  s u l f u r a n e  o x i d e  
1 1 ,  c a . 1 . 7 8  A.  Bond o r d e r s  f o r  t h e s e  a p i c a l  S - 0  b o n d s  
w e r e  0 . 6 2  a n d  0 . 7 4 .  M a r t i n  s u g g e s t e d  t h a t  t h e  d o r b i t a l s  o f  
s u l f u r  a r e  n o t  e x t e n s i v e l y  i n v o l v e d  i n  t h e  a p i c a l  b o n d i n g  o f  





M a r t i n  a n d  c o w o r k e r s  s y n t h e s i z e d  a n  a n a l o g u e  o f  
t h e  i n t e r m e d i a t e  e x p e c t e d  f r o m  e n d o c y c l i c  n u c l e o p h i l i c  
s u b s t i t u t i o n  a t  s u l f u r ( V I ) .  S u l f u r a n i 1 i d e  d i o x i d e  12 
r e s u l t e d  f r o m  t r e a t m e n t  o f  t h e  c o n j u g a t e  a c i d  13  w i t h  
t e t r a e t h y l a m m o n i u m  h y d r o x i d e .  I t  was  t h e  f i r s t  e x a m p l e  o f  a 
1 0 - S - 5  s i n g l e  mi n i mu m g r o u n d  s t a t e  a n i o n .
C H











The d y n a m i c  e q u i l i b r i u m  b e t w e e n  c o n j u g a t e  a c i d s  1 3 a  
a n d  1 3 b was  c o n s i s t e n t  w i t h  t h e  c o a l e s c e n c e  t o  a s i n g l e
13
1 9p e a k  o f  t wo  F NMR s i n g l e t s  w i t h  a n  i n c r e a s e  i n
t e m p e r a t u r e .  B a s e  c a t a l y s i s  o f  t h e  a b o v e  e q u i l i b r i u m  i s  
p o s t u l a t e d  t o  go t h r o u g h  s u l f u r a n i l i d e  d i o x i d e  a n i o n  12 
a s  o n l y  o n e  b r o a d  f l u o r i n e  s i n g l e t  a t  cP 7 5 . 2  ppm i s  
o b s e r v e d .  The  s t a b i l i z a t i o n  o f  t h e  a n i o n  by b r i d g i n g  t o  
f o r m  t h e  1 0 - S - 5  s u l f u r a n i l i d e  d i o x i d e  a n i o n  12  w o u l d  
l o w e r  t h e  e n e r g y  o f  t h e  e q u i l i b r i u m  a n d  e x p l a i n  t h e  l a r g e  











The pKa v a l u e  a t  25°C f o r  t h e  h y p o t h e t i c a l  
e q u i l i b r i u m  b e t w e e n  t h e  a l c o h o l  13  a n d  i t s  c o n j u g a t e  
b a s e  14 was  e s t i m a t e d  u s i n g  a Hammet t  c o r r e l a t i o n ,
t o  be 9 . 1 .  Th e  o b s e r v e d  pKa v a l u e ,  m e a s u r e d
t i t r i m e t r i c a l 1 y , wa s  7 . 2 .  T h i s  l o w e r  v a l u e  i m p l i e s  t h a t  t h e  
c l o s e d  s t r u c t u r e ,  1 2 , i s  mo r e  s t a b l e  i n  s o l u t i o n  t h a n  
t h e  o p e n  i s o m e r  14 .
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An X - r a y  s t r u c t u r a l  a n a l y s i s  was  d o n e  on s u l f u r a n i l i d e  
d i o x i d e  a n i o n  1 2 .  The  g e o m e t r y  a b o u t  s u l f u r  i s  
t r i g o n a l l y  b i p y r a m i d a l .  The  e q u a t o r i a l  a n g l e s ,  <cd  a n d  <de  
a r e  1 1 7 . 8 °  a n d  1 2 2 . 7 ° ,  r e s p e c t i v e l y .  T h i s  i s  a v e r y  
s m a l l  d e v i a t i o n  ( l e s s  t h a n  3 ° )  f r o m  t h e  i d e a l  a n g l e  
1 2 0 ° .  The a p i c a l  O- S- O b o n d  a n g l e ,  < a b ,  i s  1 9 2 . 3 1 °  
w h i c h  i s  12°  f r o m  t h e  i d e a l  1 8 0 ° .  The a p i c a l  o x y g e n  
a t o m s  a r e  b e n t  a wa y  f r o m  t h e  e q u a t o r i a l
C H







2 2o x y g e n s .  M a r t i n  J  e x p l a i n s  t h i s  d e f o r m a t i o n  f r o m  
l i n e a r i t y  a s  d u e  t o  t wo  f a c t o r s :  ( 1 ) a r e p l u s i v e  i n t e r a c t i o n  
o f  t h e  n o n b o n d i n g  e l e c t r o n s  on t h e  e q u a t o r i a l  o x y g e n  a o o ms  
a n d  ( 2 ) t h e  r i n g  s t r a i n  i n  t h e  t wo  b r i d g e d  f i v e - m e m b e r e d  
r i n g s .  The b o n d  l e n g t h s  o f  t h e  e q u a t o r i a l  3 - 0  b o n d s  a r e  
1 . 4 2  & a n d  o f  t h e  e q u a t o r i a l  S - C  b o n d ,  1 . 7 7  A. The  a p i c a l  
S - 0  b o n d  l e n g t h s  a r e  1 . 91  X a n d  1 . 9 3  A, w h i c h  i s
s i g n i f i c a n t l y  l o n g e r  t h a n  t h e  sum o f  t h e  s u l f u r  a n d  o x y g e n
a 22c o v a l e n t  r a d i i ,  1 . 7 0  A.
The q u e s t i o n  o f  a s t e p w i s e  v e r s u s  a c o n c e r t e d  r e a c t i o n
m e c h a n i s m  h a s  a l s o  b e e n  a s k e d  c o n c e r n i n g  n u c l e o p h i l i c
s u b s t i t u t i o n  a t  p h o s p h o r u s .  A s t e p w i s e  m e c h a n i s m  w o u l d
i n v o l v e  a p h o s p h o r a n e  i n t e r m e d i a t e  a n a l o g o u s  t o  t h e
s u l f u r a n e  i n t e r m e d i a t e s  d i s c u s s e d  a b o v e .  P h o s p h o r a n e s  a r e
o)\
w e l l  known c o m p o u n d s .  Many s t r u c t u r a l  a n a l y s e s  h a v e
25b e e n  d o n e  on  t h e m .  B u c k w a l d ,  P l i u r a  a n d  Kn o wl e s  
d e s c r i b e d  an e x a m p l e  o f  a p h o s p h o r a n e  i n t e r m e d i a t e  i n  a 
n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n  a t  p h o s p h o r u s .  T h i s  w i l l  
be d i s c u s s e d  l a t e r  i n  d e t a i l .
? ftJ e n c k s  a n d  S k o o g  o b s e r v e d  a l i n e a r  Br ? > " n s t e d - t y p e  
r e l a t i o n s h i p  f o r  p h o s p h o r y l  t r a n s f e r  f r o m  3 - m e t h o x y p y r i d i n e  
t o  p y r i d i n e s  h a v i n g  a w i d e  r a n g e  i n  pK . The p h o s p h o r y l3.
t r a n s f e r  c o u l d  go t h r o u g h  a s i n g l e  t r a n s i t i o n  s t a t e  f o r  a 
c o n c e r t e d  m e c h a n i s m ,  ( S c h e m e  5 ,  k c )> w h e r e a s  a s t e p w i s e
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m e c h a n i s m  w o u l d  i n v o l v e  t wo d i f f e r e n t  t r a n s i t i o n  s t a t e s  
( S c h e m e  5 ,  k  ^ a n d  k 2 ) ,  a n d  m u s t  u n d e r g o  a c h a n g e  i n  
r a t e - d e t e r m i n i n g  s t e p  w i t h  c h a n g i n g  b a s i c i t y  o f  t h e  
n u c l e o p h i l e .  The  r e a c t i o n  c o o r d i n a t e  d i a g r a m  ( S c h e me  5) 
i l l u s t r a t e s  a c h a n g e  i n  r a t e - d e t e r m i n i n g  s t e p  i n  t h e  
s t e p w i s e  p a t h w a y  a s  t h e  s u b s t i t u t e d  p y r i d i n e  c h a n g e s  f r o m  
l e s s  n u c l e o p h i l i c  ( s o l i d  l i n e )  t o  m o r e  n u c l e o p h i l i c  ( d a s h e d  
l i n e )  t h a n  3 - m e t h o x y p y r i d i n e .
CH3p. c h 3o
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k,  k 2
k_i
CH,Q o '  k *2
S c h e m e  5 :  P h o s p h o r y l  T r a n s f e r  f r o m  3 - M e t h o x y p y r i d i n e s
t o  P y r i d i n e s .
The  t wo t r a n s i t i o n  s t a t e s  ( a  a n d  b)  w o u l d  d i f f e r  i n  t h e  
a m o u n t  o f  bond  f o r m a t i o n  a n d  c l e a v a g e  o f  t h e  n u c l e o p h i l e  a n d  
l e a v i n g  g r o u p .  A s t e p w i s e  m e c h a n i s m  w o u l d  s how a n o n l i n e a r  
B r o n s t e d - t y p e  c o r r e l a t i o n  a n d  a b r e a k  a t  t h e  pKa o f  t h e  
l e a v i n g  g r o u p ,  3 - m e t h o x y p y r i d i n e . The B r o n s t e d  p l o t  o f  l o g
17
k v e r s u s  pKNu wa s  l i n e a r  w i t h  a s l o p e  o f  =
0 . 1 7 .  T h e r e  i s  no e v i d e n c e  f o r  a c h a n g e  i n  r a t e - d e t e r m i n i n g  
s t e p .  The r e s u l t s  a r e  c o n s i s t e n t  w i t h  a c o n c e r t e d  r e a c t i o n  
m e c h a n i s m  i n  w h i c h  a  s i n g l e ,  s y m m e t r i c a l  t r a n s i t i o n  s t a t e  
i n v o l v e s  weak b o n d i n g  t o  b o t h  t h e  e n t e r i n g  a n d  l e a v i n g  
p y r i  d i n e s .
27A s i m i l a r  s t u d y  was  d o n e  by B o u r n e  a n d  W i l l i a m s  
on  t h e  p h o s p h o r y l  t r a n s f e r  f r o m  i s o q u i n o l i n e -  
N _ - p h o s p h o n a t e  t o  s u b s t i t u t e d  p y r i d i n e s .  A l i n e a r  
B r o n s t e d  r e l a t i o n s h i p  wa s  f o u n d  b e t w e e n  t h e  s e c o n d - o r d e r  
r a t e  c o n s t a n t s  a n d  t h e  dK^ o f  t h e  p y r i d i n e s .  T h i s  a l s o  
s u p p o r t s  a c o n c e r t e d  m e c h a n i s m .
G e n e r a l l y ,  i t  i s  a s s u m e d  t h a t  t h e  n u c l e o p h i l e  
a p p r o a c h e s  s u l f u r  a t  an a n g l e  o f  1 8 0 °  f r o m  t h e  l e a v i n g  
g r o u p .  T h i s  w o u l d  r e s u l t  i n  a  d i a p i c a l  a r r a n g e m e n t  o f  t h e  
n u c l e o p h i l e  a n d  l e a v i n g  g r o u p  i n  t h e  t r i g o n a l  b i p y r a m i d a l  
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e ,  a n d  l e a d  t o  i n v e r s i o n  o f  
c o n f i g u r a t i o n  a t  s u l f u r  ( S c h e me  6 ) .  O t h e r  a p p r o a c h e s  a r e  
p o s s i b l e .  T h e  n u c l e o p h i l e  c o u l d  a p p r o a c h  s u l f u r  a t  an a n g l e  
o f  1 2 0 °  w i t h  r e s p e c t  t o  t h e  l e a v i n g  g r o u p .  T h i s  w o u l d  
r e s u l t  i n  an e q u a t o r i a l - e q u a t o r i a l  a r r a n g e m e n t  o f  t h e  
n u c l e o p h  i l e  a n d  l e a v i n g  g r o u p  i n  t h e  t r i g o n a l  b i p y r a m i  d a l  
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e ,  l e a d i n g  t o  i n v e r s i o n  o f  
c o n f i g u r a t i o n  a t  s u l f u r .  The  n u c l e o p h i l e  c o u l d  a l s o  
a p p r o a c h  t h e  s u l f u r  a t o m a t  an a n g l e  o f  9 0 °  w i t h  r e s p e c t  
t o  t h e  l e a v i n g  g r o u p .  T h i s  w o u l d  r e s u l t  i n  a n
1 8
a p i c a l - e q u a t o r i a l  a r r a n g e m e n t  o f  t h e  n u c l e o p h i l e  a n d  l e a v i n g  
g r o u p  a b o u t  s u l f u r  a n d  w o u l d  l e a d  t o  r e t e n t i o n  o f  
c o n f i g u r a t i o n  a t  s u l f u r .  A l t h o u g h  t h e r e  a r e  no d e m o n s t r a t e d  
c a s e s  o f  r e t e n t i o n  o f  c o n f i g u r a t i o n  i n  n u c l e o p h i l i c  
s u b s t i t u t i o n  a t  t e t r a c o o r d i n a t e  s u l f u r ( V I ) ,  t h e r e  a r e  
e x a m p l e s  o f  r e t e n t i o n  i n  n u c l e o p h i l i c  s u b s t i t u t i o n  a t
pQ O Q
t r i c o o r d i n a t e  s u l f u r ( I V ) . ’ T h i s  w i l l  be d i s c u s s e d  
l a t  e r .
Nu
R f ^ o -
L
a p i c a l - a p i c a l
0 ‘
R f ^ L
Nu
a p i c a l - e q u a t o r i a l
S c h e m e  6 : S t e r e o c h e m i c a l  C o u r s e  o f  N u c l e o p h i l i c
S u b s t i t u t i o n  a t  T e t r a c o o r d i n a t e  S u l f u r ( V I ) .
To  d e t e r m i n e  w h e t h e r  t h e  c o l i n e a r i t y  o f  t h e  n u c l e o p h i l e ,  
s u l f u r  a t o m ,  a n d  l e a v i n g  g r o u p  i s  n e c e s s a r y  f o r  
n u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f u r ( V I ) ,  e n d o c y c l i c
O
o-
e q u a t o r i  a l - e q u a t o r i  a l
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s u b s t i t u t i o n  c a n  be u s e d  t o  p r o b e  t h e  e f f e c t s  o f  l a r g e  
d e v i a t i o n s  f r o m  t h e  p r o p o s e d  i d e a l  N u - S - L  a n g l e  o f  1 8 0 ° .
I n  e n d o c y c l i c  s u b s t i t u t i o n ,  t h e  l e a v i n g  g r o u p ,  L,  i s  b o n d e d  
t o  t h e  n u c l e o p h i l e ,  Nu,  s o  t h a t  t h e  a t o m  u n d e r g o i n g  a t t a c k ,  
X,  i s  t r a n s f e r r e d  f r o m  t h e  l e a v i n g  g r o u p  t o  t h e  n u c l e o p h i l e  
i n t r a m o l e c u l a r 1 y ( e q .  5 ) .  I n  c o n t r a s t ,  i n  e x o c y c ] i c  
s u b s t i t u t i o n ,  t h e  n u c l e o p h i l e  a t t a c k s  a t o m X 
i n t r a m o l e c u l a r l y  w i t h  r i n g  f o r m a t i o n  a n d  t h e  l e a v i n g  g r o u p  
i s  l o s t  f r o m  t h e  p a r e n t  m o l e c u l e  ( e q .  6 ) .
Nu X N u - X ( 5 )
Nu~Vt N u — X+L ( 6 )
80E s c h e n m o s e r  et_ a l . a t t e m p t e d  t o  f i n d  an  
e x a m p l e  o f  e n d o c y c l i c  s u b s t i t u t i o n  a t  c a r b o n .  When 
s u l f o n a t e  e s t e r  15 was  t r e a t e d  w i t h  o n e  e q u i v a l e n t  o f  
s o d i u m  h y d r i d e ,  i t  r e a r r a n g e d  t o  s u l f o n e  16 ( S c h e m e  7 ) .
I f  t h i s  r e a c t i o n  wa s  i n t r a m o l e c u l a r , a n d  t h e r e f o r e  a c a s e  o f  
e n d o c y c l i c  s u b s t i t u t i o n ,  t h e n  i t  w o u l d  i n v o l v e  a 
s i x - m e m b e r e d  c y c l i c  t r a n s i t i o n  s t a t e  17 w h e r e  t h e  Nu - C- L  
a n g l e  w o u l d  be a p p r o x i m a t e l y  9 0 ° .  Due t o  c o n s t r a i n t s  o f
20
t h e  s i x - m e m b e r e d  r i n g ,  t h e  c a r b a n i o n  c a n n o t  a t t a c k  
i n t r a m o l e c u l a r l y  1 8 0 °  away  f r o m  t h e  l e a v i n g  g r o u p .
S c h e m e  7 :  A S t u d y  o f  E n d o c y c l i c  S u b s t i t u t i o n  a t  C a r b o n .
A c r o s s o v e r  e x p e r i m e n t  was  d o n e  u s i n g  a m i x t u r e  o f  t h e
d^ c o m p o u n d ,  15 ,  a n d  t h e  dg c o m p o u n d ,  1 8 .
The  m a s s  s p e c t r u m  o f  t h e  p r o d u c t  s h o w e d  a d^ : d^  :
d £ r a t i o  o f  1 : 2 : 1 w h i c h  i s  t h e  r a t i o  e x o e c t e d  f r o m6
an  i n t e r m o l e c u l a r  r e a c t i o n .  T h i s  s u g g e s t s  t h a t  a 9 0 °  
a n g l e  o f  a t t a c k  o f  t h e  n u c l e o p h i l e  on c a r b o n  d o e s n ' t  o c c u r .  
S i n c e  s e v e r e  b o n d  a n g l e  d i s t o r t i o n s  w o u l d  o c c u r  d u r i n g  
b a c k s i d e  a t t a c k  i n  t h e  s i x - m e m b e r e d  c y c l i c  t r a n s i t i o n  s t a t e ,  
t h e  n u c l e o p h i l e  p r e f e r s  t o  a t t a c k  i n t e r m o l e c u l a r 1 y r a t h e r  
t h a n  i n t r a m o l e c u l a r l y .
2 1
SOj'
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S c h e me  3 :  E x o c y c l i c  S u b s t i t u t i o n  a t  C a r b o n .
3 0When E s c h e n m o s e r  e_t a l  . s y n t h e s i z e d  an  
e x o c y c l i c  s y s t e m ,  w h e r e  c o l i n e a r i t y  o f  t h e  n u c l e o p h i l e ,  
c a r b o n ,  a n d  l e a v i n g  g r o u p  was  p o s s i b l e ,  t h e  r e a c t i o n  d i d  
o c c u r  i n t r a m o l e c u l a r l y  ( S c h e m e  8 ) .  A c r o s s o v e r  e x p e r i m e n t  
w i t h  t h e  a n a l o g o u s  d^ c o m p o u n d  was  r u n  a n d  t h e  ma s s  
s p e c t r u m  o f  t h e  p r o d u c t  s h o w e d  a d^ : r a t i o  o f  1
: 1 .  An i n t e r m o l e c u l a r  r e a c t i o n  w o u l d  h a v e  l e d  t o  a d Q
: d ? : d^  : d^ r a t i o  o f  1 : 1 : 1 : 1 .
31 32K i n g  a n d  M c G a r r i t y  J J s t u d i e d  e n d o c y c l i c  
s u b s t i t u t i o n  r e a c t i o n s  a t  c a r b o n .  When a m i n o s u l f o n a t e  e s t e r  
19 ,  ( e q .  7 ) was  p l a c e d  i n  a q u e o u s  s o l u t i o n ,  a m i x t u r e  o f  
t h e  s u b s t i t u t i o n  p r o d u c t  20  a n d  h y d r o l y s i s  p r o d u c t  
21 r e s u l t e d .  When a m i n o s u l f o n a t e  e s t e r  19 was  
p l a c e d  i n  c h l o r o f o r m  ( e q .  8 ) ,  s u b s t i t u t i o n  p r o d u c t  20  
wa s  f o r m e d  q u a n t i t a t i v e l y .
Me 2 N ^ \ ^ \ ^ S 0 2OMe 
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2 0





20 C 8 )
I f  t h i s  r e a c t i o n  o c c u r r e d  v i a  an  e n d o c y c l i c  
p a t h w a y ,  i t  w o u l d  i n v o l v e  an  s i g h t - m e m b e r e d  c y c l i c  
t r a n s i t i o n  s t a t e .  E x a m i n a t i o n  o f  m o l e c u l a r  m o d e l s  s u g g e s t  
b a c k s i d e  a t t a c k  on  c a r b o n  m i g h t  be  f e a s i b l e  i n  a n  
e i g h t - m e m b e r e d  r i n g  t r a n s i t i o n  s t a t e .  A c r o s s o v e r  
e x p e r i m e n t  was d o n e  u s i n g  t h e  d Q c o m p o u n d  19 a n d  
dg c o m p o u n d  22 ( e q .  9 ) .  The  m a s s  s p e c t r u m  o f  t h e  
p r o d u c t  m i x t u r e  c o n t a i n e d  f o u r  p e a k s ,  a  d^ : d^  : 
dg : dg r a t i o  o f  1 : 1 : 1 : 1 .  T h e s e  r e s u l t s  a r e
i n  a g r e e m e n t  w i t h  a c o m p l e t e l y  i n t e r m o l e c u l a r  r e a c t i o n .
23
K i n g  a n d  M c G a r r i t y  a l s o  l o o k e d  a t  b e n z o - f u s e d  c o m p o u n d s  
t o  i n c r e a s e  t h e  l i k e l i h o o d  o f  s e e i n g  a n  e n d o c y c l i c  p r o c e s s .  
Ami n o s u l f o n a t e  e s t e r s  23a a n d  24a , w e r e  c o n v e r t e d  
q u a n t i t a t i v e l y  i n t o  t h e  b e t a i n e s  25a a n d  26a, 
r e s p e c t i v e l y  ( e q .  1 0 , 1 1 ) .
^^^sp-CHzSOjjOCRj
2n (c r 3) 2
23 a CH2S 0 20 *c h 2n (c r 3) ;25 ( 1 1 )
a CH2CH2S 0 20 C R 3c h 2n (c r 3) 22 4 a R = H  
b R = D
CH2CH2S 0 20
( T V
\ ^ ^ c h 2n ( c r 3) 3 ( 1 0 )
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When t h e  c r o s s o v e r  e x p e r i m e n t  was  c a r r i e d  o u t  w i t h  
23a a n d  i t s  d e u t e r a t e d  a n a l o g u e  ( d g )  2 3b, o n l y  
a n  i n t e r m o l e c u l a r  r e a c t i o n  wa s  o b s e r v e d  e v e n  w i t h  
c o n c e n t r a t i o n s  a s  l ow a s  5 X 10 m o l a r .  An e q u i m o l a r  
m i x t u r e  o f  24a a n d  24b, h o w e v e r ,  g a v e  b e t a i n e  26
w i t h  a  l a b e l i n g  p a t t e r n  i n  a c c o r d  w i t h  1 6 ? e n d o c y c l i c  a n d  
i n t e r m o l e c u l a r  r e a c t i o n .  The  p r o p o r t i o n  o f  e n d o c y c l i c  
r e a c t i o n  d e c r e a s e d  w i t h  a n  i n c r e a s e  i n  t h e  i n i t i a l  
c o n c e n t r a t i o n .  T h e r e  i s  l e s s  d e v i a t i o n  f r o m  t h e  i d e a l
g r o u p  i n  t h e  n i n e - m e m b e r e d  c y c l i c  t r a n s i t i o n  s t a t e  a r i s i n g
f r o m  24 t h a n  i n  t h e  e i g h t - m e m b e r e d  c y c l i c  t r a n s i t i o n
s t a t e  a r i s i n g  f r o m  2 3  a s  c o n f i r m e d  by c r o s s o v e r
e x p e r i m e n t a l  r e s u l t s .
An e n d o c y c l i c  s y s t e m  was  u t i l i z e d  by B u c k w a l d ,  P l i u r a  
25a n d  K n o w l e s  t o  s t u d y  t h e  s t e r e o c h e m i s t r y  a n d  
m e c h a n i s m  o f  t h e  a c i d - c a t a l y z e d  1 , 2 - p h o s p h o  g r o u p  m i g r a t i o n
1 8 0 °  o r i e n t a t i o n  o f  t h e  n u c l e o p h i l e ,  c a r b o n  and  l e a v i n g
o f  2 - [ ( R ) - " ' ^ 0 ,  1 ®0]  p h o s  p h o p r  o p a n e d i  o l




Me, 0  - 1
S c h e m e  9 :  R e t e n t i o n  o f  C o n f i g u r a t i o n  a t  P h o s p o r u s
D u r i n g  E n d o c y c l i c  S u b s t i t u t i o n .
25
The  r e a c t i o n  i n v o l v e s  h e a t i n g  2 7  i n  0 . 5  N
HCIO^,  f o l l o w e d  by i s o l a t i o n  a n d  p u r i f i c a t i o n  o f  t h e
r e m a i n i n g  27 a n d  t h e  p r o d u c t  2 8  a n d  s u b j e c t i n g  e a c h
t o  s t e r e o c h e m i c a l  a n a l y s i s  by P NMR. I f  t h e  m e c h a n i s m
i n v o l v e d  a f r e e  m o n o m e r i c  m e t a p h o s p h a t e  s p e c i e s ,  28
w o u l d  b e  r a c e m i z e d  a t  p h o s p h o r u s .  T h e  m e c h a n i s m  c a n n o t
i n v o l v e  1 6 1 °  a n g l e  o f  a p p r o a c h  o f  t h e  n u c l e o p h i l e
r e l a t i v e  t o  t h e  l e a v i n g  g r o u p  d u e  t o  t h e  c o n s t r a i n t s  o f  t h e
r i n g  s y s t e m .  A p i c a l  a p p r o a c h  o f  t h e  e n t e r i n g  n u c l e o p h i l e  t o
f o r m  a  p e n t a c o o r d i n a t e  i n t e r m e d i a t e  t h a t  m u s t  u n d e r  go
p s e u d o r o t a t i o n  t o  a l l o w  e x p l u s i o n  o f  t h e  l e a v i n g  g r o u p  f r o m
an
a n  a p i c a l  p o s i t i o n , ^  w o u l d  go w i t h  r e t e n t i o n  o f  
c o n f i g u r a t i o n  a t  p h o s p h o r u s .  T h e  s t e r e o c h e m i c a l  a n a l y s i s  
s h o w e d  t h a t  p r o d u c t  2 8  was  f o r m e d  p r e d o m i n a n t l y  w i t h  
r e t e n t i o n  as  p r e d i c t e d  by t h e  p s e u d o r o t a t i o n  m e c h a n i s m  
( S c h e m e  9 ) .  I n t e r m o l e c u l a r  s o l v o l y s i s  o f  m o n o e s t e r s  o f  
p h o s p h o r i c  a c i d  p r o c e e d s  w i t h  i n v e r s i o n  a s  s hown by t h e  
B u c k w a l d  ar.d K n o w l e s  s t u d y  o f  t h e  m e t ' n a n o l y s i s  o f  p h e n y l
( R ) - [ 1 " 0 ,  7 0 , 1 ®0] p h o s p h a t e . ^
28Wudl  and L e e  d e m o n s t r a t e d  f o r  t h e  f i r s t  t i m e  
i n t r a m o l e c u l a r  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  s u l f i n y l  s u l f u r  
v i a  a f i v e - m e m b e r e d  c y c l i c  p e n t a c o o r d i n a t e  s u l f u r  
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e .  When ( R ) - 1 - e p h e d r i n e -  
4 - t o l u e n e s u l f i n a t e  ( 2 9 )  ( 4 . 1  X 1 0 ” ^ m o l a r )  was
26
t r e a t e d  w i t h  l i t h i u m  d i c y c l o h e x y l a m i d e , s u l f i n y l  t r a n s f e r  
o c c u r r e d  w i t h  p r e d o m i n a n t  r e t e n t i o n  o f  c o n f i g u r a t i o n ,  g o i n g  
t h r o u g h  an  i n t r a m o l e c u l a r  m e c h a n i s m  ( S c h e me  1 0 ) ,  i . e .
( R ) - 1 - e p h e d r i n e - 4 - t o l u e n e s u l f i n a m i d e  was  3 0 % o p t i c a l l y  p u r e .  
As t h e  c o n c e n t r a t i o n  o f  s u l f i n a t e  was  i n c r e a s e d ,  t h e  a mo u n t  
o f  i n v e r s i o n  i n c r e a s e d  a s  t h e  l i k e l i h o o d  o f  i n t e r m o l e c u l a r  
s u b s t i t u t i o n  i n c r e a s e d .  When t h e  s u l f i n a t e  c o n c e n t r a t i o n  
wa s  8 . 2  X 1 0 - 2  m o l a r ,  t h e  ( S ) - 1 - e p h e d r i n e -
4 - 1 o l u e n e s u l f i n a m i d e  was  6 6 ? o p t i c a l l y  p u r e .  Some r u n s  o f  
t h i s  e x p e r i m e n t  a f f o r d e d
A r S ( 0 ) 0 C H ( P h ) C H ( C H 3 ) N( CH3 ) S ( 0 ) A r ,  w h i c h  s u p p o r t s  t h e  
i d e a  t h a t  i n v e r s i o n  o f  c o n f i g u r a t i o n  i s  d u e  t o  an  
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S c h e m e  10 :  R e t e n t i o n  o f  C o n f i g u r a t i o n  a t  S u l f u r ( I V )
D u r i n g  E n d o c y c l i c  S u b s t i t u t i o n .
An e d g e  a t t a c k  ( e q u a t o r i a l )  ( S c h e me  10)  w o u l d  r e s u l t  i n
27
a t r i g o n a l  b i p y r a m i d a l  s u l f u r  i n t e r m e d i a t e  w i t h  t h e  o x y g e n s  
i n  a d i a p i c a l  a r r a n g e m e n t .  A f a c e  a t t a c k  ( a p i c a l )  w o u l d  
l e a d  t o  an u n f a v o r a b l e  t r i g o n a l  b i p y r a m i d a l  s u l f u r  
i n t e r m e d i a t e  w h e r e  t h e  e l e c t r o n e g a t i v e  OR g r o u p  o c c u p i e s  a n  
e q u a t o r i a l  p o s i t i o n  ( e q .  1 2 ) .  T h i s  t r i g o n a l  b i p y r a m i d a l  
i n t e r m e d i a t e  w o u l d  h a v e  t o  go t h r o u g h  o n e  p s e u d o r o t a t i o n  t o  
c o n v e r t  t o  a m o r e  s t a b l e  t r i g o n a l  b i p y r a m i d  i n  w h i c h  t h e  OR 
g r o u p  w o u l d  be  a p i c a l .  S i n c e  t h i s  r e a c t i o n  g o e s  w i t h  
r e t e n t i o n  a t  l o w  c o n c e n t r a t i o n ,  i t  i s  i n t r a m o l e c u l a r  a n d ,  
t h e r e f o r e ,  t h e  f i r s t  c a s e  o f  e n d o c y c l i c  s u b s t i t u t i o n  a t  
s u l f u r ( I V ) .
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H e l l w i n k e l  a n d  C l o s s o n  a n d  t h e i r
c o w o r k e r s  o b s e r v e d  e n d o c y c l i c  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  
s u l f u r ( V I )  i n  c o m p o u n d s  h a v i n g  t h e  g e n e r a l  s t r u c t u r e  30 ,  
w h e r e  R,  R'  a n d  R" w e r e  c o m b i n a t i o n s  o f  H, CH^ a n d  
OCH^ ( e q .  1 3 ) .  When t wo  e q u i v a l e n t s  o f  a l k y l l i t h i u m  
( e . g . ; m e t h y l 1 i t h i u m , b u t y l 1 i t h i u r n ) w e r e  a d d e d ,  
c o m p o u n d s  o f  t h e  g e n e r a l  s t r u c t u r e  31 r e s u l t e d  i n  
m o d e r a t e  t o  g o o d  y i e l d s .  The  h i g h e s t  y i e l d  wa s  o b t a i n e d  i n  
t h e  r e a r r a n g e m e n t  o f  _ N - m e t h y l - N - p h e r i y l -  
b e n z e n e s u l f o n a m i d e  ( 3 0 a )  t o  3 1 a  (R=R" = H, R ' s C H^ )  
i n  8 9 ^  y i e l d  u p o n  t r e a t m e n t  w i t h  t wo  e q u i v a l e n t s  o f  
m e t h y l l i t h i u m  i n  THF a t  25°C f o r  t wo  h o u r s  ( e q .  1 3 ) .
NHR's o 2n MeLi SOR
30 31
A c r o s s o v e r  e x p e r i m e n t  was  p e r f o r m e d  i n  w h i c h  a  m i x t u r e  
o f  s u l f o n a m i d e s  32  a n d  33  wa s  t r e a t e d  w i t h  
n - b u t y l l i t h i u m  a t  25°C ( e q .  1 4 ) .  O n l y  t h e  s u l f o n e s  
34 a n d  35 w e r e  i s o l a t e d .  GC a n a l y s i s  o f  t h e  
r e a c t i o n  m i x t u r e  s h o w e d  t h e  c r o s s o v e r  p r o d u c t s  36 a n d  
37  t o  b e  a b s e n t .
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( 1 4 )
37 OCHj
S i n c e  no c r o s s o v e r  p r o d u c t s  w e r e  f o u n d ,  i t  was  a s s u m e d  
t o  be  a n  i n t r a m o l e c u l a r  r e a c t i o n .  C l o s s o n  p o s t u l a t e d  a 
m e c h a n i s m  w h i c h  i n v o l v e d  t h e  f o r m a t i o n  o f  a d i a n i o n  f r o m  t h e  






















S c h e m e  11 :  C l o s s o n ' s  E x a m p l e  o f  E n d o c y c l i c  S u b s t i t u t i o n
a t  S u l f u r ( V I ) .
30
T r e a t m e n t  o f  s u l f o n a m i d e  38 w i t h  o n e  e q u i v a l e n t  o f  
a l k y l l i t h i u m  f o l l o w e d  by q u e n c h i n g  w i t h  m e t h y l  i o d i d e  
y i e l d e d  u n r e a r r a n g e d  o r t h o - m e t h y l a t e d  s u l f o n a m i d e  39.
T h i s  s u p p o r t s  t h e  f i r s t  s t e p  o f  o r t h o - m e t a l a t i o n  t o  f o r m  
40. T r e a t m e n t  o f  s u l f o n a m i d e  38 w i t h  t h r e e  
e q u i v a l e n t s  o f  m e t h y l l i t h i u m  a t  2 5 ° C ,  f o l l o w e d  by 
q u e n c h i n g  a f t e r  90 m i n u t e s  w i t h  m e t h y l  i o d i d e ,  l e d  t o  t h e  
o b s e r v e d  a m i n o s u l f o n e  41.
NHCH
C l o s s o n  d i d n ' t  o f f e r  e x p e r i m e n t a l  s u p p o r t  f o r  t h e  
e x i s t e n c e  o f  d i a n i o n  42, ( S c h e m e  1 1 ) ,  b u t  p o s t u l a t e d  i t s  
f o r m a t i o n  b a s e d  o n  t h e  f o l l o w i n g  f a c t s :  ( 1 ) i t  i s  t h e  o r t h o  
p o s i t i o n  t o  w h i c h  t h e  s u l f o n y l  g r o u p  m i g r a t e s ;  ( 2 ) i f  t h e s e  
o r t h o  p o s i t i o n s  a r e  b l o c k e d  b y  m e t h y l  g r o u p s ,  r e a r r a n g e m e n t  
d o e s n ' t  o c c u r ;  ( 3 ) c h e l a t i o n  o f  t h e  l i t h i u m  c a t i o n  by o n e  o f  
t h e  s u l f o n y l  o x y g e n s  v i a  a  s i x - m e m b e r e d  r i n g  i s  
f e a s i b l e .
H e l l w i n k e l  a n d  S u p p  ^6  r e a r r a n g e d  
N , N , N J _ , N J _ - t e t r a p h e n y l s u l f o n a m i d e  (43)
31
w i t h  f o u r  e q u i v a l e n t s  o f  n - b u t y l l i t h i u m  a n d  f o u n d  t h a t  
i t  r e a r r a n g e d  t o  N , N - d i p h e n y l - 2 - ( N' - p h e n y l -  
a m i n o  ) - b e n z e n e s u l f o n a m i d e  ( 4 )  ( e q .  1 5 ) .  None o f  t h e  
a n a l o g o u s  r e a r r a n g e d  p r o d u c t  45 was  d e t e c t e d .
Ph
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NHPh
n- BuLi a  NHPhS 0 2N P h 243 44 (1 5)SO,N Ph,
37H e l l w i n k e l  a n d  S u p p  o b s e r v e d  t h e  r e a r r a n g e m e n t  
o f  c y c l i c  s u l f o n a m i d e s  4 6 b  t o  d i b e n z o [ b , f ]  [ 1 , 4 ]  
t h i a z e p i n e  d i o x i d e s  4 7 b  u p o n  t h e  a d d i t i o n  o f  a t  l e a s t  
t wo  e q u i v a l e n t s  o f  n . - b u t y l l  i t h i  um ( e q .  16 a n d  S c h e me  
1 2 ) .
R R' y i e l d
a H Me 95$
b Me Me 90%
c Me Ph 3 7 %
A m e c h a n i s m  s i m i l a r  t o  C l o s s o n ' s  was p r o p o s e d  ( S c h e m e  
1 2 ) .  When c o m p o u n d s  4 6 a - c  w e r e  t r e a t e d  w i t h  o n l y  o n e
e q u i v a l e n t  o f  n - b u t y l l i t h i u m  a t  - 7 0 ° C ,
m o n o m e t a l a t i o n  o c c u r r e d  o r t h o  t o  t h e  s u l f o n y l  g r o u p .  The  
c a r b a n  i  on  i»8 wa s  p e r s i s t e n t ,  i n d i c a t i n g  t h a t  t h e  
N - a r y l  g r o u p  wa s  now i n  a p o s i t i o n  t o o  f a r  away  f o r  
i n t r a m o l e c u l a r  t r a n s m e t a l a t i o n . When a s e c o n d  e q u i v a l e n t  
n - b u t y l l i t h i u m  was  a d d e d  t h e  r e a r r a n g e d  p r o d u c t  
4 7 a - c  wa s  i s o l a t e d  i n  y i e l d s  o f  37$ t o  95$ a f t e r  
h y d r o l y s i s .  I t  i s  n o t  known w h e t h e r  s t r u c t u r e  50 i s  an 
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e .
SO SO









R, R ' ,  R"
S c h e me  1 2 : H e l l w i n k e l ' s  E x a m p l e  o f  E n d o c y c l i c  S u b s t i t u t i o n
a t  S u l f u r ( V I )  .
I f  t h e  c a r b a n i o n  51 ( S c h e m e  13)  u n d e r w e n t  a p i c a l  
a t t a c k  a t  s u l f u r ,  s u l f u r a n e  52 w o u l d  r e s u l t  w h e r e  t h e  
n i t r o g e n  a n d  t h e  t wo  o x y g e n s  a r e  e q u a t o r i a l .  T h i s  a s s u m e s  
52 i s  an  i n t e r m e d i a t e  r a t h e r  t h a n  a t r a n s i t i o n  s t a t e .
33
I n t e r m e d i a t e  52 c o u l d  p s e u d o r o t a t e  t o  e i t h e r  s u l f u r a n e  
53 o r  5M t o  p u t  t h e  n i t r o g e n  l e a v i n g  g r o u p  i n  an 
a p i c a l  p o s i t i o n .  T h e  r i n g  c o u l d  o p e n  up  f r o m t h i s  p o s i t i o n  
a s  t h e  l e a v i n g  g r o u p  c o u l d  l e a v e  a p i c s l l y  ( p r i n c i p l e  o f  
m i c r o s c o p i c  r e v e r s i b i l i t y ) .  T h i s  w o u l d  l e a d  t o  r e t e n t i o n  o f  
c o n f i g u r a t i o n  a t  s u l f u r  a s  s e e n  i n  p r o d u c t  5 5 .
Me2 A 2C"-n — r r ' v tMe a p ic a l
a t t a c k— S
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equatori  al 
at t a ck
s t e r e o c h e m i c a l l y  
i m p o s s ib l e  
fo r m a t io n  of 57
S c h e me  1 3 :  A p i c a l  or  E q u a t o r i a l  A t t a c k  a t  S u l f u r ( V I )  i n
H e l l w i n k e l ’ s E x a m p l e  o f  E n d o c y c l i c  S u b s t i t u t i o n .
I f  t h e  c a r b a n i o n  51 u n d e r w e r '  : u a t o r '
s u l f u r ,  s u l f u r a n e  56  w o u l d  r e s u l t .  I n  t h i s  s t r u c t u r e  
b o t h  t h e  l e a v i n g  g r o u p ,  n i t r o g e n ,  a n d  t h e  n u c l e o p h i l i c
34
c a r b o n  a r e  e q u a t o r i a l .  H o w e v e r ,  56 w o u l d  be a v e r y  
d i s t o r t e d  t r i g o n a l  b i p y r a m i d  a n d  p e r h a p s  w o u l d  b e t t e r  be  
d e s c r i b e d  a s  a s q u a r e  p y r a m i d .  I n  o r d e r  f o r  t h e  n i t r o g e n  t o  
l e a v e  e q u a t o r i a l l y  a n d  t h e  r i n g  o p e n  t o  f o r m  t h e  p r o d u c t ,
5 7 ,  t h e  s u l f o n y l  o x y g e n s  w o u l d  h a v e  t o  b e n d  t o w a r d  t h e  
c e n t e r  o f  t h e  r i n g .  T h i s  i s  s t e r e o c h e m i c a l l y  i m p o s s i b l e  a n d  
t h e  p r o d u c t  5 7 , a n  e x a m p l e  o f  i n v e r s i o n  o f  c o n f i g u r a t i o n  
a t  s u l f u r ( V I ) ,  w o u l d  n o t  be  e x p e c t e d  t o  f o r m .  T h e r e f o r e ,  
t h e  o n l y  p a t h  f o r  e n d o c y c l i c  s u b s t i t u t i o n  o f  51 w o u l d  be
a p i c a l  a t t a c k  o f  t h e  c a r b a n i o n  o n  s u l f u r ( V I ) .
3 8H e l l w i n k e l  a n d  c o w o r k e r s  - s t u d i e d  t h e  s y n t h e t i c  
p o t e n t i a l  o f  t h i s  i n t r a m o l e c u l a r  r e a r r a n g e m e n t  a s  a m e a n s  o f  
c r e a t i n g  new s e v e n - m e m b e r e d  h e t e r o c y c l e s  f r o m  f i v e - m e m b e r e d  
h e t e r o c y c l e s .  Th e y  r e p l a c e d  t h e  CR ' 2 g r o u p  w i t h  a 
c a r b o n y l  g r o u p  t o  s e e  how u n s a t u r a t i o n  a f f e c t e d  t h e  
r e a c t i o n .  As a  p r o b e ,  t h e  N - b e n z o y l - N _ - t o s y l -  
t o l u i d i d e  5 9  was  t r e a t e d  w i t h  r i - b u t y l l  i t h i u m  a t  l o w 
t e m p e r a t u r e ;  t h e  b e n z o y l  g r o u p  m i g r a t e d  t o  t h e  p h e n y l  r i n g  
t o  f o r m  60 ( e q . 1 7 ) .
i .BuLi N H S O zAr
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I n t r a m o l e c u l a r  n u c l e o p h i l i c  a t t a c k  o c c u r r e d  o n  s u l f u r
35
i n  t h e  r e a c t i o n  o f  1 , 2 - b e n z i s o t h i a z o l o n e - 1 , 1 - d i o x i d e  61 
w i t h  r i - b u t y l l  i  t h i  um a t  l ow t e m p e r a t u r e ,  f o l l o w e d  by 
w a r m i n g  t o  r o o m t e m p e r a t u r e  a n d  h y d r o l y s i s  t o  f o r m  
d i b e n z o [ b , f ]  [ 1 , 4 ]  t h i a z e p i n  d e r i v a t i v e  62  ( e q .  1 8 ) .
C a r b a n i o n  63 c a n n o t  a p p r o a c h  t h e  c a r b o n y l  c a r b o n  
f r o m  t h e  p r e f e r r e d  a n g l e  o f  a t t a c k  ( 1 1 0 ° w i t h  t h e  
c a r b o n y l  b o n d ) ,  b u t  i t  i s  i n  a  p o s i t i o n  t o  a t t a c k  t h e  s u l f u r  




H e l l w i n k e l ^ ®  a l s o  s u b j e c t e d  ( N - p h e n y l )
6 H - d i b e n z o [ c , e ] - [ 1 , 2 ] t h i a z i n - 5 , 5 - d i o x i d e  ( 6 4 )  t o  
n - b u t y l l i t h i u m  a t  l ow t e m p e r a t u r e  a n d  o b s e r v e d  t h e  
r e a r r a n g e d  p r o d u c t ,  1 4 H - t r i b e n z o [ b , e  , g ] [ 1 , 4 ] t h i a z o c i n  
9 , 9 - d i o x i d e  ( 6 5 ) .  The q u e s t i o n  i s  s t i l l  u n a n s w e r e d
36




( 2 0 )
20 40H e l l w i n k e l  e_t a l  . ’ e x p l o r e d  t h e
g e n e r a l i t y  o f  t h i s  r e a r r a n g e m e n t  u s i n g  o t h e r  g r o u p s ,  U,  a n d  















( 2 1  )
41H e l l w i n k e l  a n d  L e n z  f u r t h e r  e x p l o r e d  t h e  
r e a r r a n g e m e n t  o f  s u l f o n a m i d e s  ( S c h e me  1 4 ) .  N - n a p h t h y l -  
N _ - m e t h y l - 4 - t o l u e n e s u l  f  ona mi  de  ( 6 7 ) r e a r r a n g e d  t o  
a m i n o s u l f o n e  6 8  i n  80% y i e l d  u p o n  t r e a t m e n t  w i t h  o n e  
e q u i v a l e n t  o f  n - b u t y l l i t h i u m . The m e c h a n i s m  i n v o l v e s  
m e t a l l a t i o n  o r t h o  t o  t h e  s u l f o n y l  g r o u p  f o l l o w e d  by 
t r a n s m e t a l a t i o n  a n d  r e a r r a n g e m e n t . When t h e  a n a l o g o u s  
s u l f  o n a m i  de 69 wa s  t r e a t e d  w i t h  n - b u t y l l i t h i u m , o n l y  
1255 o f  t h e  r e a r r a n g e d  s u l f o n e  70 was  o b s e r v e d  ( S c h e me  





S c h e m e  1 4 :  E n d o c y c l i c  S u b s t i t u t i o n  a t  S u l f u r ( V I )  t o
D i f f e r e n t  O r t h o  P o s i t i o n s  w i t h  N a p h t h a l e n e  
S y s  t e r n s .
When t h e  N _ - ( 2 - b i p h e n y l  ) s u l f o n a m i d e  71 was  
t r e a t e d  w i t h  n - b u t y l l  i t h i  um o r  _ t - b u t y l l  i t h i u m  , i t  
r e a r r a n g e d  t o  s u l f o n e  72 i n  10% a n d  41 % y i e l d ,  
r e s p e c t i v e l y  ( S c h e m e  1 5 ) .  F o r m a t i o n  o f  t h e  p r o d u c t  was  
e x p l a i n e d  by i n i t i a l  h a l o g e n - m e t a l  e x c h a n g e  t o  f o r m  73  
w h i c h  wa s  f o l l o w e d  by t r a n s m e t a l a t i o n  t o  74 a n d  t h e n  t o  













S c h e me  1 5 :  E n d o c y c l i c  S u b s t i t u t i o n  a t  S u l f u r ( V I I  w i t h
I o d o - b i p h e n y l  S y s t e m s .
An i n t e r e s t i n g  e x a m p l e  f r o m  H e l l w i n k e l  a n d  L e n z ' s
ii 1
wo r k  i s  t h e  r e a c t i o n  o f  s u l f o n a m i d e  76 ( S c h e me
1 6 ) .  I t  s e e m e d  f e a s i b l e  t h a t  s u l f o n a m i d e  76 when
t r e a t e d  w i t h  _ n - b u t y l l  i t h i  um c o u l d  r e a r r a n g e  t o  s u l f o n e
7 7 .  When t h e  r e a c t i o n  was  c a r r i e d  o u t ,  no 77 was
o b s e r v e d  b u t  18-23)6  o f  78  was  o b t a i n e d .  H e l l w i n k e l
p r o p o s e d  t h e  f o l l o w i n g  m e c h a n i s m  t o  e x p l a i n  t h e  f o r m a t i o n  o f




S c h e me  1 6 :  H e l l w i n k e l * s  E x a m p l e  o f  E l i m i n a t i o n - A d d i t i o n
v e r s u s  E n d o c y c l i c  S u b s t i t u t i o n  a t  S u l f u r ( V I ) .
A f t e r  d e p r o t o n a t i o n  o f  t h e  b e n z y l  c a r b o n  by 
n - b u t y l l i t h i u m , t h e  a n i o n  79  c a n  e l i m i n a t e  
b e n z e n e s u l f i n a t e  a n i o n  t o  f o r m  t h e  q u i n o i d  s t r u c t u r e  8 0 . 
A n i o n  79  c o u l d  a l s o  c y c l i z e  t o  f o r m  t h e  
r e s o n a n c e - s t a b i l i z e d  a n i o n  8 1 .  I n t e r m e d i a t e  80 
c o u l d  r e a c t  w i t h  a n i o n  81 t o  f o r m  a new a d d u c t  8 2 .
A t t a c k  o f  t h e  n i t r o g e n  a n i o n  o n  t h e  r i n g  w o u l d  f o r m  c o mp o u n d
40
83  w h i c h  a f t e r  p r o t o n a t i o n  w o u l d  y i e l d  p r o d u c t  7 8 .
4 2E n g b e r t s  _et a l . r e c e n t l y  r e p o r t e d  an  
e x a m p l e  o f  e n d o c y c l i c  s u b s t i t u t i o n  a t  s u l f u r ( V I ) ,  t h e  
h y d r o l y s i s  o f  t h e  b e n z e n s u l f c n a m i d e  84 w h e r e  t h e  
n u c l e o p h i l e  i s  a  n e i g h b o r i n g  h y d r o x y l  g r o u p  ( e q .  2 2 ) .  The  
r e a c t i o n  i s  s p e c i f i c  a c i d  c a t a l y z e d  a n d  v e r y  f a s t ;  t h e  
k i n e t i c s  w e r e  f o l l o w e d  by  t h e  s t o p p e d - f l o w  t e c h n i q u e .  
E n g b e r t s  a n d  c o w o r k e r s  o f f e r e d  no e v i d e n c e  t o  s u p p o r t  o r  
r u l e  o u t  a  p e n t a c o o r d i n a t e  s u l f u r  i n t e r m e d i a t e  i n  t h i s  c a s e  
T h e y  c o m p a r e d  t h e  r a t e  o f  h y d r o l y s i s  o f  84 t o  t h a t  o f  




S u l f o n a m i d e  85 (R = H) r e m a i n e d  u n c h a n g e d  a f t e r  s e v e n  
m o n t h s  a t  25°C i n  a q u e o u s  e t h a n o l  c o n t a i n i n g  1M HC1.
The h a l f  l i f e  o f  85 (R=Me)  wa s  a b o u t  t w e n t y  m i n u t e s  











( 2 2 )
a b o u t  4 0 0 0  t i m e s  m o r e  r e a c t i v e  t h a n  t h e  l a t t e r .  T h i s  l a r g e  
i n c r e a s e  i n  r e a c t i v i t y  when  a  g e m i n a l  d i m e t h y l  g r o u p  i s  
p r e s e n t  was e x p l a i n e d  by t h e  o b s e r v a t i o n  t h a t  g e m - d i a l k y l  
s u b s t i t u t i o n  g e n e r a l l y  p r o v i d e s  a p o w e r f u l  d r i v i n g  f o r c e  f o r  
t h e  f o r m a t i o n  o f  s m a l l  r i n g s .  The r a t e  o f  h y d r o l y s i s  o f  
84 ( R=Me)  was  c o m p a r e d  t o  t h e  h y d r o l y s i s  o f  86  ( i n  
70$ v / v  CF3 C02 H-H2 0 a t  9 9 ° C ) . The h a l f  l i f e  
o f  8 6  (R = H) wa s  167 h o u r s .  When R=Me,  t h e  h a l f  l i f e  wa s  
d e c r e a s e d  by a f a c t o r  o f  1 0 0 .  T h e s e  r e a c t i o n s  w e r e  v e r y  
s l o w  c o m p a r e d  t o  t h e  i n t r a m o l e c u l a r  r e a c t i o n  o f  84  
( R=Me ) .  E n g b e r t s  s u g g e s t e d  t h a t  t h e  e n t h a l p y  b a r r i e r  i n  
8 4  i n v o l v e d  i n  t h e  p o s i t i o n i n g  o f  t h e  h y d r o x y l  g r o u p  f o r  
e f f e c t i v e  n u c l e o p h i l i c  a t t a c k  o n  t h e  s u l f u r ( V I )  a t o m  i s  









Th e  4 0 0 0 - f o l d  g r e a t e r  r a t e  o f  8 4  (R=Me)  r e l a t i v e  t o
8 5  ( R=Me ) was i n t e r e s t i n g  b e c a u s e  when t h e  r a t e s  o f
1 1
h y d r o l y s i s  o f  87  a n d  8 8  w e r e  c o m p a r e d ,  87
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w a s  m o r e  r e a c t i v e  by  a  f a c t o r  o f  1 5 .  The  h y d r o l y s e s  o f  
8 7  a n d  8 8  i n v o l v e  n u c l e o p h i l i c  a t t a c k  o f  t h e  
c a r b o x y l  o x y g e n  o n  s u l f u r  w i t h  l o s s  o f  t h e  n i t r o g e n  t o  f o r m  
t h e  m i x e d  a n h y d r i d e  - C ( 0 ) 0 S 0 2 - ,  f o l l o w e d  by h y d r o l y s i s  
o f  t h e  a n h y d r i d e  t o  f o r m  t h e  c a r b o x y l i c  a n d  s u l f o n i c  a c i d s .  
E n g b e r t s  s u g g e s t e d  t h a t  t h e  r a t e - d e t e r m i n i n g  s t e p  o f  t h e  
h y d r o l y s i s  o f  8 7  i s  t h e  n u c l e o p h i l i c  a t t a c k  o f  t h e  
c a r b o x y l  g r o u p  o n  s u l f u r ( V I )  w h e r e a s  w i t h  8 8 , i t  i s  t h e  
h y d r o l y s i s  o f  t h e  m i x e d  a n h y d r i d e .  T h e  f a c t o r  o f  4100  i n  
t h e  r e a c t i o n  o f  8 4  ( R=Me)  c o m p a r e d  t o  8 5  r e p r e s e n t s  
t h e  d i f f e r e n c e  i n  r e a c t i v i t y  o f  t h e  s u l f o n a m i d e  g r o u p s  a s  
t h e y  b o t h  h a v e  t h e  s a m e  r a t e - d e t e r m i n i n g  s t e p .
An e x a m p l e  o f  a n  a p p a r e n t  e n d o c y c l i c  s u b s t i t u t i o n  a t
4 2s u l f u r ( V I )  was  r e p o r t e d  by A n d e r s e n  et_ a l  . . - 
2 - A m i n o p h e n y l  4 - t o l u e n e s u l f o n a t e  ( 8 9 )  wa s  p r e p a r e d  by 
s e l e c t i v e  0 - s u l f o n a t i o n  o f  o - a m i  n o p h e n o l  u s i n g  
4 - t o l u e n e s u l f o n y l  c h l o r i d e  a n d  t r i e t h y l a m i n e . When t r e a t e d  
w i t h  n - b u t y l l i t h i u m , 8 9  wa s  f o u n d  t o  r e a r r a n g e  t o  
s u l f o n a m i d e  9 0  ( e q .  2 3 ) .  S u l f o n a m i d e  9 0  was  
p r e p a r e d  by s e l e c t i v e  N - s u l f a m a t i o n  o f  o - a m i n o p h e n o l  
w i t h  4 - t o l u e n e s u l f o n y l  c h l o r i d e  a n d  p y r i d i n e .  When 90  
wa s  t r e a t e d  w i t h  _ n - b u t  y l l  i t h i  um , no s u l f o n a t e  8 9  was  
d e t e c t e d .  T h e r e f o r e ,  t h e  r e a c t i o n  i s  n o t  r e v e r s i b l e .
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The  g e n e r a l i t y  o f  t h i s  r e a c t i o n
4 2w i t h  v a r i o u s  s u b s t i t u e n t s  on t h e  b e n z e n e  r i n g s .  J A l l  
w e r e  f o u n d  t o  r e a r r a n g e .  A m e t h y l  g r o u p  on  t h e  n i t r o g e n  
d i d n ' t  p r e v e n t  t h e  r e a c t i o n  f r o m  o c c u r r i n g  s i n c e  
2 - ( m e t h y l a m i n o ) p h e n y l  4 - t o l u e n e s u l f o n a t e  r e a r r a n g e d  t o  t h e  
c o r r e s p o n d i n g  s u l f o n a m i d e .  A c r o s s o v e r  e x p e r i m e n t  i n d i c a t e d  
t h e  r e a c t i o n  t o  b e  i n t r a m o l e c u l a r ;  t h i s  w i l l  be  d i s c u s s e d  
l a t e r  i n  d e t a i 1 .





' O ^ N H S O j A r  ( 2H)
E v e n  t h o u g h  t h e  r e a c t i o n  i s  i n t r a m o l e c u l a r ,  t h e r e  i s  an 
a l t e r n a t i v e  m e c h a n i s m  w h i c h  e x p l a i n s  t h e  f o r m a t i o n  o f  
p r o d u c t .  T h i s  i n v o l v e s  a b a s e - i n d u c e d  1 , ^ - e l i m i n a t i o n  t o  
f o r m  o - q u i n o n i m i n e  91 a n d  4 - 1 c l u e n e s u l f i n a t e  a n i o n  ( e q .
2 4 ) .  T h e  i o n - m o l e c u l e  p a i r  c o u l d  r e c o m b i n e  i n  a s o l v e n t
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c a g e  t o  y i e l d  t h e  o b s e r v e d  s u l f o n a m i d e .  A d d i t i o n  o f
a r y l s u l f i n i c  a c i d s  t o  N , N - a l k y 1 q u i n o n e  d i i m i d e s  h a s  
44b e e n  r e p o r t e d .
T h i s  e l i m i n a t i o n - a d d i t i o n  m e c h a n i s m  was  s u s p e c t e d  t o  be  
i n v o l v e d  d u e  t o  t h e  i s o l a t i o n  o f  2 , 2 ' - d i h y d r o x y -  
5 , 5 ' - d i m e t h y l a z o b e n z e n e  ( 9 2 )  f r o m  t h e  r e a c t i o n  o f  93 
w i t h  r i - b u t y l l  i t h i u m  ( S c h e me  1 7 ) . ^  A z o b e n z e n e  
9 2  m i g h t  a r i s e  by a b a s e - i n d u c e d  1 , 4 - e l i m i n a t i o n  w i t h  
c o n s e q u e n t  f o r m a t i o n  o f  an o - q u  i r . oni  mi n e  94 f o l l o w e d  by 
a t t a c k  o f  a n o t h e r  n i t r o g e n  a n i o n  t o  f o r m  9 5 .  A s e c o n d  
b a s e - i n d u c e d  1 , 4 - e l i m i n a t i o n  t o  96 f o l l o w e d  by 
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S c h e m e  17 :  Me c h a n i s m  o f  1 , 4 - S 1 i m i n a t i o n - A d d i t i o n  o f
2 - A m i n o a r y l  A r e n e s u l f o n a t e s .
RESULTS AN'D DISCUSSION
T h e  p u r p o s e  o f  t h i s  r e s e a r c h  was  t o  i n v e s t i g a t e  t h e  
e f f e c t  o f  g e o m e t r y  on  n u c l e o p h i l i c  s u b s t i t u t i o n  a t  
s u l f u r ( V I )  by u t i l i z i n g  m o l e c u l e s  h a v i n g  t h e  p o t e n t i a l  t o  
r e a c t  e n d o c y c l i c a l l y  .
T h e  g e n e r a l  p r o c e s s  i s  i l l u s t r a t e d  by t h e  s t r u c t u r e  
s hown  b e l o w  w h e r e  X i s  S ( V I ) .  I n  e n d o c y c l i c  s u b s t i t u t i o n ,  
t h e  n u c l e o p h i l i c  a t o m  (Nu)  a n d  t h e  l e a v i n g  g r o u p  a t o m  (L)  
a r e  a t t a c h e d  t o  o n e  a n o t h e r .  T h u s ,  t h e  i n t e r m e d i a t e  o r  
t r a n s i t i o n  s t a t e  f o r m e d  a s  t h e  n u c l e o p h i l e  b o n d s  t o  s u l f u r
i s  c y c l i c .  By v a r y i n g  t h e  s t r u c t u r a l  c o n n e c t i o n  b e t w e e n  t h e
n u c l e o p h i l e  a n d  t h e  l e a v i n g  g r o u p ,  t h e  a n g l e  o f  a p p r o a c h  o f  
t h e  n u c l e o p h i l e  t o  t h e  s u l f u r  a t om w i t h  r e s p e c t  t o  t h e  
s u l f u r - l e a v i n g  g r o u p  b o n d  c a n  be m o d i f i e d .  I f  s u b s t i t u t i o n  
a t  s u l f u r ( V I )  p r o c e e d s  v i a  a  t r i g o n a l l y  b i p y r a m i d a l  
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e ,  t h e n  t h r e e  l i m i t i n g  c a s e s  
may be  e n v i s a g e d :  ( 1 ) t h e  n u c l e o p h i l e  a n d  l e a v i n g  g r o u p  w i l l
b o t h  be  a p i c a l  ( 1 8 0 ° ) ,  ( 2 ) t h e y  b o t h  w i l l  be e q u a t o r i a l
( 1 2 0 ° ) ,  o r  ( 3 ) o n e  w i l l  be a p i c a l  a n d  t h e  o t h e r
e q u a t o r i a l  ( 9 0 ° ) .  By r e s t r i c t i n g  t h e  n u m b e r  o f  a t o m s  
c o n n e c t i n g  t h e  n u c l e o p h i l e  a n d  t h e  l e a v i n g  g r o u p ,  t h e  
d i - a p i c a l  o r  1 8 0 °  p a t h w a y  w i l l  be e l i m i n a t e d  i f  t h e  
r e a c t i o n  i s  i n t r a m o l e c u l a r .  S i n c e  i n v e r s i o n  o f  
c o n f i g u r a t i o n  i s  e x p e c t e d  i n  t h e  d i e q u a t o r i a l  o r  1 2 0 °
145
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c a s e  w h e r e a s  r e t e n t i o n  i s  e x p e c t e d  i n  t h e  a p i c a l - e q u a t o r i a l
t r a n s i t i o n  s t a t e  may be  f o r t h c o m i n g  t h r o u g h  a  s t u d y  o f  t h e  
s t e r e o c h e m i s t r y  a t  s u l f u r  f o r  an i n t r a m o l e c u l a r  e x a m p l e .
T h i s  t h e s i s  r e s e a r c h  was  r e s t r i c t e d  t o  a s e a r c h  f o r  
e x a m p l e s  o f  e n d o c y c l i c  s u b s t i t u t i o n  a t  s u l f u r ( V I ) .  S e v e r a l  
s u b s t r a t e  m o l e c u l e s  w e r e  p r e p a r e d .  T h e y  w e r e  t r e a t e d  w i t h  
s t r o n g  b a s e s ,  n - b u t y l l  i t h i  urn o r  l i t h i u m  d i  i s o p r o p y l a m i  de  , i n  
o r d e r  t o  d e p r o t o n a t e  a  n i t r o g e n  o r  c a r  bon a t o m  i n  t h e  
m o l e c u l e .  I t  was  h o p e d  t h e  c o n j u g a t e  b a s e  o f  t h e  n i t r o g e n  
o r  c a r b o n  w o u l d  f u n c t i o n  a s  a n u c l e o p h i l e  a n d  a t t a c k  a 
s u l f o n y l  s u l f u r  a t o m  i n t r a m o l e c u l a r l y  w i t h  d i s p l a c e m e n t  o f  a 
l e a v i n g  g r o u p  f r o m  t h e  l a t t e r .  I n  s e v e r a l  c a s e s ,  t h e  
d e s i r e d  s u b s t i t u t i o n  p r o c e s s  was  o b s e r v e d .  A p p r o p r i a t e l y  
d e u t e r i u m - l a b e l e d  s u b s t r a t e s  w e r e  p r e p a r e d  and  c r o s s o v e r  
e x p e r i m e n t s  w e r e  r u n  t o  d e t e r m i n e  w h e t h e r  o r  n o t  t h e s e  
r e a c t i o n s  w e r e  i n t r a m o l e c u l a r .  I n  t wo c a s e s  t h e y  w e r e  -  o n e
i n v o l v i n g  a f o u r -  a n d  t h e  o t h e r  a f i v e - m e m b e r e d  c y c l i c  
i n t e r m e d i a t e  o r  t r a n s i t i o n  s t a t e .  I n  a t h i r d  c a s e ,  t h e  
s u b s t i t u t i o n  r e a c t i o n  wa s  s h o w n  t o  be  1n t e r m o l e c u l a r . T h e s e  
a n d  r e l a t e d  r e a c t i o n s  w i l l  be  d i s c u s s e d .  No s t e r e o c h e r a i c a l
o r  9 0 °  c a s e ,  i n f o r m a t i o n  a b o u t  a n y  i n t e r m e d i a t e  o r
47
i n v e s t i g a t i o n s  w e r e  u n d e r t a k e n .
T o  s i m p l i f y  t h e  d i s c u s s i o n ,  t r i g o n a l l y  b i p y r a m i d a l  
s t r u c t u r e s  w h i c h  a r e  i n t e r m e d i a t e s  r a t h e r  t h a n  t r a n s i t i o n  
s t a t e s  w i l l  be  a s s u m e d  u n l e s s  o t h e r w i s e  s p e c i f i e d .
I n  o r d e r  t o  c o n t i n u e  t h e  o r i g i n a l  s t u d i e s  by A n d e r s e n  
e t  a l  . , J t h e  s u b s t i t u t i o n  r e a c t i o n  o f
2 - a m i n o a r y l  a r e n e s u l f o n a t e s , 2 ami  n o p h e n y l  3 - t r i f l u o r o -  
m e t h y l b e n z e n e s u l f o n a t e  ( 9 7 ) wa s  s y n t h e s i z e d  f r o m  
2 - a m i n o p h e n o l  a n d  3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  
( 9 8 )  ( e q .  2 5 ) .  The  s u l f o n y l  c h l o r i d e  98 wa s
p r e p a r e d  by s u l f o n a t i o n  o f  t r i f l u o r o m e t h y l b e n z e n e  w i t h  o l e u m  
f o l l o w e d  by t r e a t m e n t  o f  t h e  s a l t  w i t h  p h o s p h o r u s  
p e n t a c h l o r i d e . I f  97 u n d e r w e n t  e n d o c y c l i c  s u b s t i t u t i o n  
u p o n  t r e a t m e n t  w i t h  s t r o n g  b a s e ,  i t  w o u l d  be  e x p e c t e d  t o  
f o r m  N_- ( 2  ' -  h y d r o x y  p h e n y l  ) - 3  -  t r i f l  uo r om e t h y l  -  
p h e n y l s u l f o n a m i d e  ( 9 9 ) v i a  a f i v e - m e m b e r e d  r i n g  








( 2 5 )
When 97 wa s  t r e a t e d  w i t h  f o u r  e q u i v a l e n t s  o f  
n - b u t y l l i t h i u m  i n  THF a t  0 ° C , a  b l a c k  t a r  r e s u l t e d .
TLC s h o w e d  t w e l v e  s p o t s .  No f u r t h e r  wo r k  was  d o n e  o n  t h i s  
r e a c t i o n .  When 97 wa s  t r e a t e d  w i t h  t h r e e  e q u i v a l e n t s  o f
l i t h i u m  d i i s o p r o p y 1 a m i d e  (LDA) i n  THF a t  - 7 3 ' 99
wa s  i s o l a t e d  i n  2 5 ?  y i e l d  ( e q .  2 6 ) .  S u l f o n a m i d e  99 was
s y n t h e s i z e d  by s e l e c t i v e  _N- s u l  f  o n a t  i  on  u s i n g  p y r i d i n e
7 a fi
a n d  s u l f o n y l  c h l o r i d e  9 8 .  ’ The  m e l t i n g  p o i n t  a n d
s p e c t r a  o f  t h e  s u l f o n a m i d e  o b t a i n e d  f r o m  t h e  r e a r r a n g e m e n t  





u NH SO ( 2 6 )
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To  i n v e s t i g a t e  t h e  g e n e r a l i t y  o f  t h i s  r e a c t i o n ,  
3 ' - ( 2 ' - a m i r . o ) p y r i d y l  3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  
( 1 0 0 ) wa s  p r e p a r e d  f r o m  s u l f o n y l  c h l o r i d e  98 a n d  
2 - a m i n o - 3 - h y r o x y p y r i d i n e . When t h i s  s u l f o n a t e  was  t r e a t e d  
w i t h  t h r e e  e q u i v a l e n t s  o f  LDA i n  THF a t  - 7 8 ° C ,  i t  
r e a r r a n g e d  t o  t h e  e x p e c t e d  s u l f o n a m i d e  101 i n  5 2 % y i e l d  
( e q .  2 7 )  a n d  s t a r t i n g  m a t e r i a l  was  r e c o v e r e d  i n  13 ?  y i e l d .  
A t t e m p t e d  s y n t h e s i s  o f  101 f a i l e d ,  b u t  t h e  s u l f o n a m i d e  
i s o l a t e d  f r o m t h e  r e a r r a n g e m e n t  g a v e  a s a t i s f a c t o r y  C , H ,  a n d  
N a n a l y s i s  as  w e l l  a s  a p p r o p r i a t e  s p e c t r a l  d a t a .
NHSO.
2 - T r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 1 0 2 )  
was  p r e p a r e d  f r o m  2 - t r i f l u o r o m e t h y l a n i l i n e  by d i a z o t i z a t i o n , 
s u l f o n a t i o n  w i t h  SO,, a n d  c h l o r i n a t i o n .  The s u l f o n y l  
c h l o r i d e  102  was  c o u p l e d  w i t h  2 - ami  n o - 3 - h y d r o x y p y r i d i n e  
t o  p r e p a r e  3 ' - ( 2 ' - a m i n o ) p y r i d y l  2 - t r i f l u o r o m e t h y l -  
b e n z e n e s u l f o n a t e  ( 1 0 3 ) .  When s u l f o n a t e  103 was  
t r e a t e d  w i t h  t h r e e  e q u i v a l e n t s  o f  r i - b u t y l l  i t h i  um , i t  
r e a r r a n g e d  t o  N- 2 ' - [ ( 3 ' - h y d r o x y ) p y r i d y l ] - 2 - t r i f 1 u o r o -
m e t h y l b e n z e n e s u l f o n a m i d e  ( 1 0 4 )  i n  5 1 ?  y i e l d  ( e q .  2 8 ) .
n ^ n h 2 c f 3 
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104
T h u s  t h e  s u l f o n a t e  e s t e r s  9 7 ,  1 0 0  a n d  1 0 3  
a l l  u n d e r w e n t  t h e  r e a r r a n g e m e n t  t o  f o r m  t h e  c o r r e s p o n d i n g  
s u l f o n a m i d e s  9 9 ,  101 a n d  1 0 4 .  I f  t h e s e
r e a c t i o n s  a r e  e x a m p l e s  o f  e n d o c y c l i c  s u b s t i t u t i o n ,  t h e y  
w o u l d  i n v o l v e  f i v e - m e m b e r e d  c y c l i c  i n t e r m e d i a t e s  w i t h  a 
n i t r o g e n  a s  t h e  n u c l e o p h i l e  a n d  a  p h e n o l i c  o x y g e n  a s  t h e
7
l e a v i n g  g r o u p .  Y i l d i z  d i d  a  c r o s s o v e r  e x p e r i m e n t  t o  
d e t e r m i n e  i f  t h e  r e a r r a n g e m e n t  o f  2 - a r y l  a r e n e s u l f o n a t e s  
i n t r a m o l e c u l a r  ( a n d  t h e r e f o r e ,  e n d o c y c l i c ) ,  o r  
i n t e r m o l e c u l a r . I f  s u l f o n a t e s  1 0 5  a n d  1 0 6  w e r e  
t r e a t e d  w i t h  s t r o n g  b a s e ,  o n l y  s u l f o n a m i d e s  1 0 7  a n d
1 0 8  s h o u l d  be o b s e r v e d  i f  t h e  r e a c t i o n  was  
i n t r a m o l e c u l a r  ( e q .  2 9 ) .  I f  t h e  r e a c t i o n  w e r e  
i n t e r m o l e c u l a r ,  a l l  f o u r  s u l f o n a m i d e s ,  1 0 7 , 1 0 8 ,
1 0 9  a n d  1 1 0 ,  s h o u l d  be  o b s e r v e d .  E q u a l  a m o u n t s  of  
1 0 5  a n d  1 0 6  w e r e  t r e a t e d  w i t h  f o u r  e q u i v a l e n t s  o f  
n - b u t y l l i t h i u m  i n  THF.  C o m p a r i s o n  o f  t h e  p r o t o n  NMR
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s p e c t r a  o f  t h e  r e a c t i o n  p r o d u c t s  w i t h  t h e  s p e c t r a  o f  t h e  
s y n t h e s i z e d  s u l f o n a m i d e s  i n d i c a t e d  t h a t  o n l y  1 0 7  a n d  
1 0 8  w e r e  f o r m e d ;  s u l f o n a m i d e s  109  a n d  1 1 0  w e r e  
n o t  o b s e r v e d .  T h e r e f o r e ,  i t  wa s  c o n c l u d e d  t h a t  t h e  r e a c t i o n  
was  i n t r a m o l e c u l a r  a n d  a c a s e  o f  e n d o c y c l i c  s u b s t i t u t i o n  a t  
s u l f u r ( V I ) .  T h i s  c o n c l u s i o n  i s  b a s e d  o n  t h e  a s s u m p t i o n  t h a t  
t h e  r e a r r a n g e m e n t  o f  s u l f o n a t e s  105  a n d  106  p r o c e e d  
a t  t h e  s a me  r a t e s .
H o w e v e r  i f  o n e  s u l f o n a t e  r e a r r a n g e d  a t  a f a s t e r  r a t e  
t h a n  t h e  o t h e r  s u l f o n a t e ,  i t  w o u l d  be  p o s s i b l e  f o r  t h e  
f a s  t e r  r e a c t i n g  s u l f o n a t e  t o  r e a c t  i n t e r m o l e c u l a r l y  t o  




( 2 9 )
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v e r y  m u c h .  I n  t h i s  c a s e ,  o n l y  t h e  " i n t r a m o l e c u l a r ” p r o d u c t s  
w o u l d  b e  o b s e r v e d  e v e n  t h o u g h  t h e  r e a c t i o n  p r o c e e d e d  v i a  
a n  i n t e r m o l e c u l a r  p a t h w a y .
To  a s c e r t a i n  w h e t h e r  t h e  r e a r r a n g e m e n t  o f  2 - a m i n o a r y l  
a r e n e s u l f o n a t e s  i s  i n d e e d  i n t r a m o l e c u l a r , a new c r o s s o v e r  
r e a c t i o n  was  d e s i g n e d  u s i n g  d e u t e r i u m - l a b e l e d  s u b s t r a t e s .  
T h e r e  s h o u l d  b e  l i t t l e  o r  no r a t e  d i f f e r e n c e  b e t w e e n  t h e  
s u b s t r a t e  a n d  i t s  d e u t e r a t e d  a n a l o g .  2 ' - M e t h y l  ami  n o ­
p h e n y l  4 - t o l u e n e s u l f o n a t e  ( 1 1 1 ) h a d  b e e n  s y n t h e s i z e d  a n d  
r e a r r a n g e d  by Mc Gr a w,  u s i n g  f o u r  e q u i v a l e n t s  o f  
n - b u t y l 1 i t h i u m  i n  THF.  A 4 3^  c r u d e  y i e l d  o f  
N_- me t h y l - N - ( 2  ' -  h y d r o x y  ) p h e n y l - 4 - t o l u e n e s u l f o n a m i d e  
( 1 1 2 )  wa s  o b t a i n e d  ( e q .  3 0 ) .  The  s y n t h e s i s  o f  111 
i n v o l v e d  s e l e c t i v e  O - t o s y l a t i o n  w i t h  4 - t o l u e n e s u l f o n y l  
c h l o r i d e  a n d  t r i e t h y l  a m i n e  a t  r oom t e m p e r a t u r e  (55% y i e l d )  
f o l l o w e d  by N _ - m e t h y l a t i o n  by t r e a t m e n t  w i t h  p o t a s s i u m  
h y d r o x i d e  a n d  d i m e t h y l  s u l f a t e  (22% y i e l d ) .  I t  wa s  d e c i d e d  
t o  u s e  t h i s  r e a c t i o n  f o r  t h e  c r o s s o v e r  s t u d y  a n d  a n o t h e r  
m e t h o d  t o  s y n t h e s i z e  111 was  i n v e s t i g a t e d  t o  i m p r o v e  t h e  
y i e l d  s o  t h a t  t h e  d e u t e r a t e d  a n a l o g  1 1 3  c o u l d  be 
p r e p a r e d  i n  a r e a s o n a b l e  y i e l d .






O - T o s y l a t i o n  o f  2 - a m i n o p h e n o l  i n  m e t h y l e n e  c h l o r i d e  a t
- 7 8 ° C  r e s u l t e d  i n  81$  y i e l d  o f  2 ' - a m i  n o p h e n y l
4 - t o l u e n e s u l f o n a t e  (114) ( S c h e m e  1 8 ) .  K r i s h n a m u r t h y ' s 
47p r o c e d u r e  o f  _N- mo n o me t h y l  a t  i on  by r e d u c t i o n  o f  a 
f o r m a m i d e  was  a p p l i e d .  2 ’ - F o r m a m i d o p h e n y l  
4 - t o l u e n e s u l f o n a t e  (115) wa s  p r e p a r e d  i n  80% y i e l d  by 
f o r m y l a t i n g  114 w i t h  a c e t i c  f o r m i c  a n h y d r i d e  p r e p a r e d  
i  n s i  t u  f r o m  a c e t i c  a n h y d r i d e  a n d  f o r m i c  a c i d .
R e d u c t i o n  o f  f o r m a m i d e  115 by l i t h i u m  a l u m i n u m  h y d r i d e  
g a v e  21 % s u l f o n a t e  111  a n d  70$  s u l f o n a m i d e  1 1 2 .
A p p a r e n t l y  s u l f o n a t e  111 r e a r r a n g e d  t o  s u l f o n a m i d e  
112. R e d u c t i o n  o f  f o r m a m i d e  115 w i t h  
b o r a n e : d i m e t h y l s u l f i d e  c o m p l e x  r e s u l t e d  i n  74$ o f  111 





111 ( 2 1 % )  ♦ 112(70 %)
111
S c h e me  1 8 :  S y n t h e s i s  o f  S u l f o n a t e  1 1 1 .
R e a r r a n g e m e n t  o f  s u l f o n a t e  111 w i t h  LDA was
i n v e s t i g a t e d  t o  s e e  i f  t h e  y i e l d  o f  s u l f o n a m i d e  1 1 2
c o u l d  b e  i m p r o v e d .  LDA i s  a h i n d e r e d  s t r o n g  b a s e  a n d  d o e s
n o t  r e a d i l y  a c t  a s  a n u c l e o p h i l e  du e  t o  i t s  b u l k y  i s o p r o p y l  
48g r o u p s .  When s u l f o n a t e  111 was  t r e a t e d  w i t h  t h r e e  
e q u i v a l e n t s  o f  LDA i n  THF a t  - 7 8 ° C ,  s u l f o n a m i d e  112  
w a s  i s o l a t e d  i n  5 ?  y i e l d  a n d  r e c o v e r e d  s t a r t i n g  m a t e r i a l  i n  
8155 y i e l d .  When t h e  r e a c t i o n  was  p e r f o r m e d  a t  r oom 
t e m p e r a t u r e ,  s u l f o n a m i d e  1 1 2  wa s  i s o l a t e d  i n  y i e l d .
T h i s  a g r e e s  w i t h  M c G r a w ' s  r e s u l t ^  f o r  t h e  t r e a t m e n t  o f  
s u l f o n a t e  111 w i t h  n - b u t y l l i t h i u m  i n  THF a t  r oom 
t e m p e r a t u r e  w h i c h  g a v e  a 43£  c r u d e  y i e l d  o f  1 1 2 .
The  d e u t e r a t e d  s u l f o n y l  c h l o r i d e  116 wa s  p r e p a r e d  
i n  6 3 ? y i e l d  by c h l o r o s u l f o n a t i o n  o f  d g - t o l u e n e  
( A l d r i c h )  w i t h  c h l o r o s u l f o n i c  a c i d  ( e q .  3 1 ) .  T h e  ma s s  
s p e c t r u m  o f  t h i s  c o mp o u n d  s h o w e d  i s o t o p o m e r s  h a v i n g  o n e  t o  
f o u r  p r o t o n s  t o  be  p r e s e n t  i n  s i g n i f i c a n t  a m o u n t s  ( T a b l e  1 ) .  
Th e  dg a n d  dg c o m p o u n d s  w e r e  t h e  m o s t  a b u n d a n t  a n d  
o f  v e r y  n e a r l y  t h e  s a me  i n t e n s i t y .  The  p r o t o n  NMR o f  t h e  
d g - t o l u e n e  i n d i c a t e d  t h a t  i t  h a d  a n  i n s i g n i f i c a n t  a m o u n t  
o f  p r o t o n  i s o t o p o m e r s  ( t h e  s p e c t r u m  a m p l i t u d e  wa s  s e t  a t  
2 0 0 0  a n d  r e s i d u a l  a r o m a t i c  p r o t o n s  w e r e  b a r e l y  v i s i b l e ) .  I t  
i s  p o s s i b l e  t h a t  t h e  p r o t o n  i m p u r i t i e s  d e v e l o p e d  d u r i n g  t h e  
q u e n c h i n g  o f  t h e  c h l o r o s u l f o n a t i o n  r e a c t i o n  w i t h  c r u s h e d  
i c e .  T h e  f o u r  a r o m a t i c  d e u t e r o n s  c o u l d  h a v e  e x c h a n g e d  a s  
s t r o n g  a c i d  a n d  w a t e r  w e r e  p r e s e n t .  The  d ^ - m e t h y l  g r o u p  
w o u l d  n o t  h a v e  e x c h a n g e d  a n d  t h e  m a s s  s p e c t r u m  s u p p o r t s  t h i s  
a s  o n l y  i s o t o p o m e r s  h a v i n g  o n e  t o  f o u r  p r o t o n s  a r e  o b s e r v e d .  
The  d e u t e r a t e d  s u l f o n y l  c h l o r i d e  116 was  c o u p l e d  t o  
2 - a m i n o p h e n o l  t o  p r e p a r e  s u l f o n a t e  117 ( e q .  3 1 ) .  The 
m a s s  s p e c t r u m  o f  t h i s  c o mp o u n d  s h o w e d  t h e  s a me  r a t i o  o f  
p r o t o n  i s o t o p o m e r s  a s  1 1 6 .
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T a b l e  1 : Ma s s  S p e c t r u m  o f  d 7 - T o l u e n e -  






M ( i n t e n s i t y )
d 7d 6
1 97 ( 6 0 )
1 96 ( 9 3 )
d 5 1 95 ( 1 0 7 )
d 4 1 94 ( 7 8 )
d 3 1 93 (21  )
T a b l e  2 :  Mas s  S p e c t r u m  o f  d ^ - T o l u e n e  





M ( i n t e n s i  t y )
d o 95 ( 1 0 0 0 )
94 ( 8 4 6 )
d ?0
93 ( 65 6 )
92 (21 4)
To a v o i d  t h e  p r o b l e m  o f  t h e  e x c h a n g a b l e  a r o m a t i c
d e u t e r o n s ,  d ^ - m e t h y l b e n z e n e  ( 1 1 8 ) was  s y n t h e s i z e d  by
r e d u c i n g  b e n z o t r i c h l o r i d e  w i t h  z i n c  a n d  a c e t i c  a c i d - d ^
49( S c h e m e  1 9 ) .  Th e  a c e t i c  a c i d  d^ was  p r e p a r e d  by 
t h e  h y d r o l y s i s  o f  a c e t y l  c h l o r i d e  w i t h  d e u t e r i u m  o x i d e .  
A n a l y s i s  o f  t h e  m a s s  s p e c t r u m  o f  118 s h o w e d  s i g n i f i c a n t  
p r o t o n  i s o t o p o m e r s .  H o w e v e r ,  t h e  m o l e c u l a r  i o n  ( m/ e  9 5 )  
g a v e  t h e  h i g h e s t  i n t e n s i t y  a n d  t h i s  c o u l d  be  m o n i t o r e d  
d u r i n g  t h e  f o l l o w i n g  r e a c t i o n s  ( T a b l e  2 ) .
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S c h e me  1 9 :  S y n t h e s i s  o f  S u l f o n a t e  1 22 .
The  d ^ - t o l u e n e  was  c h l o r o s u l f o n a t e d  w i t h
c h i o r o s u l f o n i c  a c i d  t o  p r e p a r e  119 w h i c h  was  c o u p l e d  t o
2 - ami  n o p h e n o l  t o  g i v e  s u l f o n a t e  120 . S u l f o n a t e  120
was  f o r m y l a t e d  w i t h  a c e t i c  f o r m i c - d ^  a n h y d r i d e  ( p r e p a r e d
f r o m  a c e t i c  a n h y d r i d e  a n d  d 2 - f o r m i c  a c i d )  a n d  t h e n
r e d u c e d  w i t h  d ^ - b o r a n e r T H F  c o m p l e x  t o  a f f o r d  t h e
s u l f o n a t e  122  ( S c h e m e  1 9 ) .  B e c a u s e  t h e
d ^ - b o r a n e : THF s o l u t i o n  was  an  o l d  s a m p l e ,  a t r i a l
r e d u c t i o n  o f  t h e  n o n d e u t e r a t e d  f o r m a m i d e  115  was  c a r r i e d
o u t  t o  o b s e r v e  t h e  r e s u l t i n g  d e u t e r i u m  r a t i o .  Th e  p r o d u c t
s u l f o n a t e  1 2 3  s h o w e d  a s i g n i f i c a n t  a m o u n t  o f  p r o t o n
i s o t o p o m e r s .  The  c o n c e n t r a t i o n  o f  t h e  d ^ - b o r a n e  was
1 1c a l c u l a t e d  t o  be  0 . 9 3  m o l a r  f r o m  t h e  B NMR s p e c t r u m .
The  d e u t e r a t e d  b o r a n e  s o l u t i o n  was  u s e d  t o  r e d u c e  f o r m a m i d e  
1 2 1 .  The  ma s s  s p e c t r u m  o f  s u l f o n a t e  122 ( T a b l e  3)
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s h o w e d  t h e  d,. p e a k  t o  be  t h e  m o s t  a b u n d a n t  o n e .
O S 0 2Tol 
n h c h d 2
123
T a b l e  3:  Mas s  S p e c t r u m  o f  (2  ' - d _ - M e t ' n y l a m i n o  ) 
p h e n y l  4 - d ^ - M e t h y l b e n z e n e s u l f o n a t e  ( 1 2 2 ) .
M ( i n t e n s i t y )
(H ) dg 2 83  ( 5 1 )
( h!j ) d °  2 8 2  ( 6 7 )
( H ‘ ) d j  281 ( 3 2 )
( H^)  d^ 2 8 0  ( 1 1 )
A c r o s s o v e r  e x p e r i m e n t  was  p e r f o r m e d  w i t h  s u l f o n a t e s  
111 a n d  122 .  I f  t h e  r e a c t i o n  was  i n t r a m o l e c u l a r , 
o n l y  124  a n d  125  s h o u l d  be  o b s e r v e d  ( e q .  3 2 ) .  The 
m a s s  s p e c t r u m  o f  t h e  i n t r a m o l e c u l a r  p r o d u c t  w o u l d  i d e a l l y  
s how a  d^ : d^  : dg r a t i o  o f  1 : 0 : 1 .  I f  t h e  
r e a c t i o n  was  i n t e r m o l e c u l a r , a l l  f o u r  s u l f o n a m i d e s  
1 2 4 - 1 2 7  s h o u l d  be  o b s e r v e d .  The  p r o d u c t  r a t i o  i n  t h i s  
c a s e  i d e a l l y  w o u l d  s how a  d Q : d^ : dg r a t i o  o f  
1 : 2 : 1 .  Due t o  t h e  f a c t  t h a t  122  h a s  s i g n i f i c a n t
p r o t o n  i s o t o p o m e r s ,  i t s  r a t i o  o f  p r o t o n / d e u t e r o n  m u s t  b e  
t a k e n  i n t o  a c c o u n t  when a n a l y z i n g  t h e  m a s s  s p e c t r u m  o f  t h e  
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T a b l e  4 :  A n a l y s i s  o f  t h e  M a s s  S p e c t r u m  o f  t h e  P r o d u c t  
o f  t h e  C r o s s o v e r  R e a c t i o n  o f  111 a n d  1 2 2 .
m/ e  2 8 3  282  281  2 8 0  279  2 7 8  2 7 7
d 6 d5 d4  d3 d 2 d3 d 0
o b s . %
i n t e n s i t y  -  -  -  -  3 14 33
o f  111
o b s . %
i n t e n s i t y  32  42 20  6
o f  1 2 2
o b s  . %
i n t e n s i t y  17 22 12 5 4 6 34
o f  1 2 8
c a l c d .  %
i n t e n s i t y  16 21 10 3 2 7 41
( i n t r a m o l e c u l a r )
c a l c d .  %
i n t e n s i t y  5 9 6 27 18  8 27
( i n t e r m o l e c u l a r )
E q u i m o l a r  a m o u n t s  o f  111 a n d  1 22  w e r e  t r e a t e d  
w i t h  t h r e e  e q u i v a l e n t s  o f  LDA i n  THF a t  r o o m t e m p e r a t u r e .  
The  m a s s  s p e c t r u m  o f  t h e  r e s u l t i n g  s u l f o n a m i d e  r e v e a l e d  t h e  
r a t i o  o f  d e u t e r i u m  t o  be  i n  a c c o r d  w i t h  a n  i n t r a m o l e c u l a r  
p r o c e s s  ( T a b l e  4 ) .  The p e r c e n t  i n t e n s i t i e s  o f  an 
i n t r a m o l e c u l a r  r e a c t i o n  w e r e  c a l c u l a t e d  b a s e d  on  t h e  
a s s u m p t i o n  t h a t  o n e - h a l f  o f  t h e  p r o d u c t  s u l f o n a m i d e  1 2 8  
w o u l d  h a v e  t h e  s a me  d e u t e r i u m  p a t t e r n  a s  s u l f o n a t e  1 2 2  
a n d  o n e - h a l f  w o u l d  h a v e  t h e  s a m e  M, M+1 a n d  M+2 p a t t e r n  a s  
s u l f o n a t e  111 .  The p e r c e n t  i n t e n s i t i e s  e x p e c t e d  f o r  an 
i n t e r m o l e c u l a r  r e a c t i o n  w e r e  c a l c u l a t e d  b a s e d  on  t h e  
a s s u m p t i o n  t h a t  t h e  d^ s u b s t r a t e  h a s  an e q u a l  
p r o b a b i l i t y  o f  r e a c t i n g  w i t h  a n o t h e r  dQ m o l e c u l e  o r  a
6 1
dg m o l e c u l e .  T h e  s a m e  c a n  be  s a i d  f o r  t h e  dg 
s u b s t r a t e .  T h e  n i t r o g e n  n u c l e o p h i l e  a n d  s u l f u r  a t o m  a r e  
e a c h  m a r k e d  w i t h  a CD^ g r o u p .  The o n e  t o  t h r e e  p r o t o n  
i s o t o p o m e r s  o f  e a c h  o f  t h e s e  m e t h y l  g r o u p s  w o u l d  c a r r y  o v e r  
t o  t h e  r e s p e c t i v e  p r o d u c t s .  The d e u t e r i u m  p a t t e r n  o f  e a c h  
CD^ g r o u p  was  c o n s i d e r e d  i n  t h e  c a l c u l a t i o n s  b a s e d  on 
t h e  d^  t o  dQ p e a k s  o f  t h e  r e s p e c t i v e  f r a g m e n t s  i n  
t h e  m a s s  s p e c t r u m  o f  122 ( T a b l e  5 ) .
T a b l e  5 :  F r a g m e n t s  i n  i h e  Mas s  S p e c t r u m  o f  122.
m/ e ( i n t e n s i t y )  
d3 d 2 d 1 dO
1 25  ( 3 7 )  124  (M6 ) 1 2 3  ( 1 6 ) 1 2 2  ( 1 )
NHCD.
94 ( 58)  93 ( 21 ) 92 ( U )  91 ( 7 )
The  p e r c e n t  i n t e n s i t i e s  o f  t h e  dg t o  dg p e a k s  
o f  t h e  p r o d u c t  s u l f o n a m i d e  1 2 8  f r o m  t h e  c r o s s o v e r  
r e a c t i o n  m a t c h e d  t h o s e  c a l c u l a t e d  f o r  a n  i n t r a m o l e c u l a r  
p r o c e s s  w i t h i n  t w o  p e r c e n t  on  t h e  a v e r a g e  ( T a b l e  *J).  
T h e r e f o r e ,  i t  i s  c o n c l u d e d  t h a t  t h e  r e a r r a n g e m e n t s  o f  
2 - a m i n o a r y l  a r e n e s u l f o n a t e s  t o  t h e  c o r r e s p o n d i n g  
s u l f o n a m i d e s  a r e  i n t r a m o l e c u l a r .  T h i s  r e s u l t  s u p p o r t s  t h e
6 2
a s s u m p t i o n  t h a t  t h e  s u l f o n a t e s  u s e d  i n  t h e  c r o s s o v e r
4 3r e a c t i o n  by Y i l d i z  J p r o c e e d  a t  v e r y  s i m i l a r  r a t e s .  I t  
i s  n o t  p o s s i b l e ,  h o w e v e r ,  t o  d e c l a r e  t h e s e  r e a r r a n g e m e n t s  t o  
be  c a s e s  o f  e n d o c y c l i c  s u b s t i t u t i o n  e v e n  t h o u g h  t h e y  a r e  
i n t r a m o l e c u l a r  b e c a u s e  t h e r e  i s  an a l t e r n a t i v e  m e c h a n i s m ,  
o n e  o f  e l i m i n a t i o n  f o l l o w e d  by a d d i t i o n  ( e q .  24 a n d  S c h e m e
17)  .
To i n v e s t i g a t e  t h i s  p o s s i b l e  e l i m i n a t i o n - a d d i t i o n  
m e c h a n i s m ,  2 ' - ( 8 ' - a m i n o ) n a p h t h y l  4 - t o l u e n e s u l f o n a t e  
( 1 2 9 )  wa s  s y n t h e s i z e d  f r o m  8 - a m i n o - 2 - n a p h t h o l  a n d  
4 - t o l u e n e s u l f o n y l  c h l o r i d e .  F r om e x a m i n a t i o n  o f  m o l e c u l a r  
m o d e l s ,  t h e  a m i n o  g r o u p  a p p e a r s  t o  be  t o o  f a r  a wa y  f r o m  t h e  
s u l f u r  a t o m  t o  u n d e r g o  e n d o c y c l i c  s u b s t i t u t i o n .  H o w e v e r ,  
t h e  m o l e c u l e  w o u l d  a l l o w  t h e  e l i m i n a t i o n - a d d i t i o n  m e c h a n i s m  
o r  a n  i n t e r m o l e c u l a r  r e a c t i o n  t o  t a k e  p l a c e .  T h e  i n i t i a l l y  
f o r m e d  a n i o n  1 3 0  c o u l d  e l i m i n a t e  4 - t o l u e n e s u l f i n a t e  
a n i o n  t o  f o r m  t h e  q u i n o n i m i n e  13 1 .  A d d i t i o n  o f  t h e  
4 - t o l u e n e s u l f i n a t e  a n i o n  a t  n i t r o g e n  w o u l d  f o r m  t h e  
r e a r r a n g e d  p r o d u c t  132  ( S c h e m e  2 0 ) .  When 129 wa s  
t r e a t e d  w i t h  t h r e e  e q u i v a l e n t s  o f  n - b u t y l l  i t h i u m  i n  THF 
a t  - 7 8 ° C ,  s u l f o n a m i d e  132  wa s  i s o l a t e d  i n  78% y i e l d .
T h i s  i n d i c a t e s  t h a t ,  a t  l e a s t  i n  t h i s  p a r t i c u l a r  c a s e ,  
e i t h e r  t h e  e l i m i n a t i o n - a d d i t i o n  m e c h a n i s m  o r  i n t e r m o l e c u l a r  
s u b s t i t u t i o n  i s  p r o b a b l y  o p e r a t i v e .
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S c h e m e  2 0 : R e a r r a n g e m e n t  o f  S u l f o n a t e  1 2 9 .
To a v o i d  t h e  p r o b l e m  o f  t h e  p o s s i b l e  
e l i m i n a t i o n - a d d i t i o n  p a t h w a y ,  c o m p o u n d s  w e r e  s y n t h e s i z e d  
w h i c h  a p p e a r e d  c a p a b l e  o f  e n d o c y c l i c  s u b s t i t u t i o n  b u t  w h i c h  
l a c k e d  t h e  o - a m i n o p h e n o l  g r o u p .  _ N- Me t hy l -  
N - [ (2 *- m e t h y l s u l f o n y l  ) p h e n y l ] 4 - t o l u e n e s u l f o n a t e  133  
was  s y n t h e s i z e d  ( S c h e m e  2 1 ) .  T h e  s y n t h e s i s  i n v o l v e d  
m e t h y l a t i o n  o f  2 - a m i n o t h i o p h e n o l  w i t h  t h e  s e l e c t i v e  
m e t h y l a t i n g  a g e n t  134  t o  f o r m  135 .
2- Ami  n o t h i o a n i s o l e  ( 1 3 5 )  was  s u l f o n a t e d  w i t h  
4 - t o l u e n e s u l f o n y l  c h l o r i d e  t o  p r e p a r e  1 3 6  w h i c h  was  
m e t h y l a t e d  t o  f o r m  s u l f o n a m i d e  137 .  O x i d a t i o n  w i t h  
h y d r o g e n  p e r o x i d e  i n  g l a c i a l  a c e t i c  a c i d  p r o d u c e d  t h e  
s u l f o n e  s u l f o n a m i d e  1 3 3 .  I t  was  h o p e d  t h a t  s o d i u m  
h y d r i d e  w o u l d  d e p r o t o n a t e  t h e  s u l f o n e  m e t h y l  t o  c r e a t e  
c a r b a n i o n  138 ( e q .  3 3 ) .  The  c a r b a n i o n  c o u l d  t h e n  a t t a c k
64
s u l f u r  i n t r a m o l e c u l a r l y  t o  f o r m  139  a n d ,  a f t e r  
p r o t o n a t i o n ,  y i e l d  t h e  d i s u l f o n e  1 40  . T h i s  w o u l d  
i n v o l v e  a s i x - m e m b e r e d  c y c l i c  s u l f u r a n e  i n t e r m e d i a t e ,  a 
c a r b o n  n u c l e o p h i l e  a n d  a n i t r o g e n  l e a v i n g  g r o u p .
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S c h e m e  2 1 :  S y n t h e s i s  o f  S u l f o n a m i d e  133-
S u l f o n e  141 wa s  s y n t h e s i z e d  f r o m  2 - a m i n o t h i o -
a n i s o l e  ( 1 3 5 )  by  p r o t e c t i o n  o f  t h e  n i t r o g e n  by
a c e t y l a t i o n ,  o x i d a t i o n  of  t h e  s u l f i d e  w i t h  h y d r o g e n
p e r o x i d e ,  d e p r o t e c t i o n  o f  t h e  n i t r o g e n  w i t h  p o t a s s i u m
h y d r o x i d e  i n  e t h a n o l  f o l l o w e d  by N _ - m o n o m e t h y l a t i  on u s i n g
4 7K r i s h n a m u r t h y ' s  m e t h o d  ( e q .  3 4 ) .
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When 133 wa s  t r e a t e d  w i t h  s o d i u m  h y d r i d e  i n  THF a t  
r o o m t e m p e r a t u r e ,  o n l y  s t a r t i n g  m a t e r i a l  was  r e c o v e r e d  
( 6 8 ? ) .  T r e a t m e n t  w i t h  s o d i u m  h y d r i d e  i n  1 , 2 - i i m e t h o x y e t h a n e  
(DME) a t  10°C s i m i l a r l y  g a v e  o n l y  s t a r t i n g  m a t e r i a l .
When t h e  r e a c t i o n  was  r u n  a t  r o o m t e m p e r a t u r e ,  8 0 ?  of  t h e  
s t a r t i n g  m a t e r i a l  was r e c o v e r e d  t o g e t h e r  w i t h  1 3 ? o f  
2 - ( m e t h y l a m i n o ) p h e n y l  m e t h y l  s u l f o n e  ( 1 4 1 )  ( e " .  3 5 ) .
T h e  m e l t i n g  p o i n t  a n d  s p e c t r a  o f  t h e  i s o l a t e d  s u l f o n e  
141 m a t c h e d  t h o s e  o f  s y n t h e t i c  1 4 1 .  T r e a t m e n t  o f  
133  w i t h  s o d i u m  h y d r i d e  i n  DME a t  85° C g a v e  6 ?.? 
s t a r t i n g  m a t e r i a l  a n d  a n e g l i g i b l e  a mo u n t  o f  s u l f o n e  
1 4 1 .  W i t h  r i - b u t y l l  i t h i  um i n  THF a t  r oom
t e m p e r a t u r e ,  a t a r r y  r e a c t i o n  m i x t u r e  was  o b t a i n e d ;  a g a i n  
s t a r t i n g  m a t e r i a l  a n d  s u l f o n e  141 w e r e  i s o l a t e d  t h i s  
t i m e  i n  3 5 ?  and  1 0 ?  y i e l d s ,  r e s p e c t i v e l y .  When LDA i n  THF 
was  u s e d  a s  t h e  b a s e  a t  r oom t e m p e r a t u r e ,  s t a r t i n g  m a t e r i a l  
was  r e c o v e r e d  i n  1 1 ? y i e l d  a n d  s u l f o n e  141 f o r m e d  i n  42?  
y i e l d .  A w h i t e  s a l t  wa s  f i l t e r e d  f r o m  t h e  r e a c t i o n  m i x t u r e  
a n d  d r i e d  u n d e r  v a c u u m .  The p r o t o n  NMR o f  t h e  s a l t  m a t c h e d
( 3 3 )
( 3 4 )
6 6
t h a t  o f  an  a u t h e n t i c  s a m p l e  o f  s o d i u m  4 - t o l u e n s u l f i n a t e  a n d  
n o t  t h a t  o f  s o d i u m  4 - t o l u e n e s u l f o n a t e . Th e  y i e l d  o f  l i t h i u m  
s u l f i n a t e  was  3 0 . 1 ^ .
S O zMe
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141
133
T h u s  w h e t h e r  t h e  b a s e  was  s o d i u m  h y d r i d e ,  
r i - b u t y l l  i  t h i  urn o r  LDA, s t a r t i n g  m a t e r i a l  a n d  s u l f o n e  
1 41  w e r e  i s o l a t e d  f r o m  t h e  r e a c t i o n  m i x t u r e .  A p o s s i b l e  
e x p l a n a t i o n  f o r  t h e  f o r m a t i o n  o f  t h e  p r o d u c t s  ( 1 4 1  a n d  
l i t h i u m  4 -  t o l u e n e s u l f  i n a t e  ) i n v o l v e s  d e p r o t o n a t i . o n  t o  f o r m  
a n i o n  1 4 5  f o l l o w e d  by e l i m i n a t i o n  o f  4 - t o l u e n e s u l f i n i c  
a n i o n  t o  f o r m  t h e  i m i n e  1 4 6  ( e q .  3 6 ) .  H y d r i d e  a t t a c k  a t  
t h e  i m i n e  c a r b o n  w o u l d  r e s u l t  i n  s u l f o n e  1 4 1 .
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S u l f o n a t e  147  wa s  i n v e s t i g a t e d  t o  s e e  w h e t h e r  i t  
c o u l d  l e a d  t o  an  e x a m p l e  o f  e n d o c y c l i c  s u b s t i t u t i o n  v i a  
a  s i x - m e m b e r e d  c y c l i c  i n t e r m e d i a t e .  T h e  s y n t h e s i s  o f  
1 4 7  i n v o l v e d  s u l f o n a t i o n  o f  s a l i c y l a l d e h y d e  f o l l o w e d  by 
i m i n e  f o r m a t i o n  w i t h  m e t h y l a m i n e  ( e q .  3 7 ) .  Th e  i m i n e  
1 4 9  w a s  r e d u c e d  w i t h  s o d i u m  b o r o h y d r i d e  t o  f o r m  1 4 7 .
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I t  was  h o p e d  t h a t  t h e  n i t r o g e n  a n i o n  f o r m e d  by 
d e p r o t o n a t i o n  w i t h  b a s e  w o u l d  a t t a c k  t h e  s u l f u r  a t o m  t o  f o r m  
a s i x - m e m b e r e d  c y c l i c  s u l f u r a n e  150 ,  f o l l o w e d  by 
d e p a r t u r e  o f  t h e  p h e n o l i c  o x y g e n  t o  g i v e  151 ( e q . 3 8 ) .
An a p i c a l - e q u a t o r i a l  a r r a n g e m e n t  o f  t h e  n u c l e o p h i l e  a n d  
l e a v i n g  g r o u p  o f  s u l f u r a n e  150 w o u l d  r e s u l t  f r o m  a 
9 0 °  a p p r o a c h  o f  t h e  n u c l e o p h i l e  t o  s u l f u r .  The o t h e r  
p o s s i b l e  s u l f u r a n e  ( n o t  s h o w n ) ,  w o u l d  r e s u l t  f r o m  a  1 2 0 °  
a p p r o a c h ,  w o u l d  h a v e  t h e  n i t r o g e n  a nd  p h e n o l i c  o x y g e n  i n  a 
d i e q u a t o r i a l  a r r a n g e m e n t .
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S u l f o n a t e  1 4 7  was  t r e a t e d  w i t h  f o u r  e q u i v a l e n t s  o f  
n - b u t y l l i t h i u r n  i n  THF a t  - 7 8 ° C .  An a t t e m p t  was  ma de  
t o  s e p a r a t e  t h e  c o m p o n e n t s  o f  t h e  r e a c t i o n  m i x t u r e  by 
p r e p a r a t i v e  p l a t e  c h r o m a t o g r a p h y .  F i v e  b a n d s  w e r e  o b t a i n e d ;  
TLC o f  e a c h  of  t h e  b a n d s  e x h i b i t e d  f r o m  t w o  t o  s e v e n  s p o t s .  
No f u r t h e r  wor k  was  d o n e  on  t h i s  r e a c t i o n  m i x t u r e .  When
1 4 7  wa s  t r e a t e d  w i t h  t h r e e  e q u i v a l e n t s  o f  LDA i n  THF a t
- 7 8 ° C ,  s u l f o n a m i d e  151 was  i s o l a t e d  i n  33$ y i e l d .  A 
s a t i s f a c t o r y  a n a l y s i s  o f  t h e  p r o d u c t  wa s  o b t a i n e d .  When 
1 4 7  wa s  t r e a t e d  w i t h  LDA a t  r o o m t e m p e r a t u r e ,  151
wa s  i s o l a t e d  i n  4 0 ^  y i e l d .
A c o m p e t i t i o n  e x p e r i m e n t  w i t h  a n  e x t e r n a l  n u c l e o p h i l e
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was  c a r r i e d  o u t .  E q u i m o l a r  a m o u n t s  o f  1 4 7  a n d  
b e n z y l a m i n e  w e r e  t r e a t e d  w i t h  t h r e e  e q u i v a l e n t s  o f  LDA. 
r e a r r a n g e m e n t  p r o d u c t  151 wa s  i s o l a t e d  i n  24$  y i e l d  
a l o n g  w i t h  a 2 1 ? y i e l d  o f  _ N - b e n z y l - 4 - t o l u e n e s u l f o n a m i d e  
( 1 5 2 )  ( e q .  3 9 ) .  A l t h o u g h  t h e  i s o l a t i o n  o f  1 5 2  i s  
n o t  p r o o f  t h a t  t h e  s u b s t i t u t i o n  r e a c t i o n  o f  1 4 7  i s  
i n t e r m o l e c u l a r ,  t h i s  was  s u s p e c t e d  t o  b e  t h e  c a s e .  
T h e r e f o r e ,  a c r o s s o v e r  e x p e r i m e n t  was  c a r r i e d  o u t  t o  
d e t e r m i n e  i f  t h e  r e a c t i o n  i s  i n t e r m o l e c u l a r .
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A c r o s s o v e r  e x p e r i m e n t  was  d e s i g n e d  u s i n g  1 4 7  a n d  
i t s  d e u t e r a t e d  a n a l o g ,  1 5 3 .  The s y n t h e s i s  o f  s u l f o n a t e  
1 5 3  p a r a l l e l s  t h a t  o f  1 4 7 .  S a l i c y l a l d e h y d e  was  
s u l f o n a t e d  w i t h  d ^ - m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  
( 1 1 3 )  t o  p r e p a r e  1 5 4  ( e q .  4 0 ) .  I m i n e  f o r m a t i o n  w i t h  
m e t h y l a m i n e  t o  f o r m  1 5 5  wa s  f o l l o w e d  by r e d u c t i o n  w i t h
The
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sod i um b o r o d e u t e r i d e  ( A l d r i c h )  t o  form 153-
^ C H O  ^ C H - N C H j  r r CHDNHCH3
CD3C6Ht S 0 2 C D j C g H i o z  CD3Cs H , S 0 2 (1|0)
1 54 155 153
I f  t h e  c r o s s o v e r  r e a c t i o n  o f  a m i x t u r e  o f  1 4 7  a n d  
1 5 3  w e r e  i n t r a m o l e c u l a r ,  o n l y  t h e  s u l f o n a m i d e s  1 5 5  
a n d  1 5 6  w o u l d  be  o b s e r v e d  ( e q .  4 1 ) .  The ma s s  s p e c t r u m  
o f  t h e  i n t r a m o l e c u l a r  p r o d u c t  i d e a l l y  w o u l d  s how a dQ : 
d^ : d^  : djj r a t i o  o f  1 : 0 : 0 :1 . I f  t h e
r e a c t i o n  i s  i n t e r m o l e c u l a r ,  t h e n  t h e  f o u r  s u l f o n a m i d e s  
1 5 5  t o  1 5 8  w o u l d  be  o b t a i n e d .  I n  t h i s  c a s e  t h e  
dQ : d 1 : d^  : d^  r a t i o  w o u l d  be 1 : 1 : 1 :
1 .
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When e q u i m o l a r  a m o u n t s  o f  147  a n d  153 w e r e  t r e a t e d  
w i t h  t h r e e  e q u i v a l e n t s  o f  LDA,  t h e  r e a r r a n g e d  p r o d u c t  
159  wa s  i s o l a t e d  a n d  a n a l y z e d  by ma s s  s p e c t r o m e t r y .  The  
p e r c e n t  d e u t e r i u m  i n  t h e  p r o d u c t  was  i n  a c c o r d  w i t h  a 
c o m p l e t e l y  i n t e r m o l e c u l a r  r e a c t i o n  ( T a b l e  6 ) .




T a b l e  6 : A n a l y s i s  o f  t h e  Ma s s  S p e c t r u m  o f  t h e  P r o d u c t  
o f  t h e  C r o s s o v e r  R e a c t i o n  o f  147 a n d  153.
m/ e  295 294  293  2 9 2  291
d4 d3 d2 d 1 dO
o b s  . %
i n t e n s i t y  -  100
o f  147
o b s  . %
i n t e r . s i  t y  51 29 15 5
o f  153
o b s  . %
i n t e n s i t y  19 24 12  22  23
o f  159
c a l c d .  %
i n t e n s i t y  25 15 8 2 50
( i n t r a m o l e c u l a r )
c a l c d .  %
i n t e n s i t y  14 25 8 23 30
( i  n t  e r m o l e c u l a r )
The  p e r c e n t  i n t e n s i t i e s  r e s u l t i n g  f r o m  an 
i n t r a m o l e c u l a r  r e a c t i o n  w e r e  c a l c u l a t e d  b a s e d  o n  t h e  
a s s u m p t i o n  t h a t  t h e  r e s u l t i n g  s u l f o n a m i d e  159 w o u l d  
e x h i b i t  t h e  same  p a t t e r n  o f  d e u t e r i u m  l a b e l  a s  i n  t h e  
s t a r t i n g  m a t e r i a l .  The p r o d u c t  w o u l d  c o n s i s t  o f  o n e - h a l f  
f u l l y  l a b e l e d  s u l f o n a m i d e  a n d  o n e - h a l f  u n l a b e l e d  
s u l f o n a m i d e .  The  p e r c e n t  i n t e n s i t i e s  r e s u l t i n g  f r o m  an  
i n t e r m o l e c u l a r  r e a c t i o n  w e r e  c a l c u l a t e d  b a s e d  o n  t h e  
a s s u m p t i o n  t h a t  t h e  d ^ - l a b e l e d  n i t r o g e n  n u c l e o p h i l e  h a s  
an  e q u a l  p r o b a b i l i t y  o f  r e a c t i n g  w i t h  a d Q o r  
d ^ - l a b e l e d  s u l f o n y l  g r o u p .  The  s a me  c a n  be  s a i d  f o r  t h e  
d ^ - l a b e l e d  a mi n e  g r o u p .  The  m o n o - p r o t o n  i s o t o p o m e r  o f
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t h e  C H D - l a b e l e d  n i t r o g e n  a n d  t h e  mono-  t o  t r i - p r o t o n  
i s o t o p o m e r s  o f  t h e  C D ^ - l a b e l e d  s u l f o n y l  g r o u p  w o u l d  
c a r r y  o v e r  t o  t h e  r e s p e c t i v e  p r o d u c t s .  The  d e u t e r i u m  
p a t t e r n  f o r  t h e  CHD g r o u p  was  b a s e d  on  a f r a g m e n t  i n  t h e  
m a s s  s p e c t r u m  f r o m  153 ( T a b l e  7 ) .  The CD^ g r o u p  
d e u t e r i u m  p a t t e r n  wa s  t a k e n  f r o m  t h e  m a s s  s p e c t r u m  o f  a 
p r e d e c e s s o r ,  154 a s  t h i s  p a t t e r n  was n o t  a v a i l a b l e  f r o m  
t h e  m a s s  s p e c t r u m  o f  153. The p e r c e n t  i n t e n s i t i e s  
o b s e r v e d  f o r  t h e  p r o d u c t  o f  t h e  c r o s s o v e r  p r o d u c t  m a t c h  on  
t h e  a v e r a g e  w i t h i n  3 - 4 ^  o f  t h e  c a l c u l a t e d  v a l u e s  f o r  an 
i n t e r m o l e c u l a r  r e a c t i o n .  T h e r e f o r e ,  t h e  s u b s t i t u t i o n  
r e a c t i o n  o f  147 i s  n o t  a c a s e  o f  e n d o c y c l i c  
s u b s t i t u t i o n .







2 7 9 ( 6 9 )
m/ e  ( i n t e n s i t y )  
d 2 d 1
2 7 3 ( 22) 2 7 7 ( 9 . 3 )
dO
1 3 7 ( 8 1 )  1 3 6 ( 1 9 )
W i t h  t h i s  l a c k  o f  s u c c e s s  i n  f i n d i n g  a n  e x a m p l e  o f  
e n d o c y c l i c  s u b s t i t u t i o n  i n v o l v i n g  a s i x - m e m b e r e d  r i n g ,  t h e  
r e s e a r c h  was  r e t u r n e d  t o  f i n d i n g  an  e x a m p l e  w h i c h  w o u l d
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i n v o l v e  a  f i v e - m e m b e r e d  r i n g .
N - M e t h y l - b e n z e n e -  4 - t o l u e n e - d i s u l f o n i m i d e  ( 1 6 0 )  wa s
51p r e p a r e d  u s i n g  B a u m g a r t e n ' s  p r o c e d u r e  f o r  t h e  
s y n t h e s i s  o f  d i s u l f o n i m i d e s . G e n e r a t i o n  o f  t h e  s o d i u m  s a l t  
o f  s u l f o n a m i d e  161 w i t h  s o d i u m  h y d r i d e  f o l l o w e d  by 
t r e a t m e n t  w i t h  b e n z e n e s u l f o n y l  c h l o r i d e  g a v e  160  ( e q .
42)  .
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I t  w as e x p e c t e d  t h a t  n - b u t y l l i t h i u r n  w o u l d
d e p r o t o n a t e  160  a t  a  p o s i t i o n  o r t h o  t o  o n e  o f  t h e
5?s u l f o n y l  g r o u p s .  I t  was h o p e d  t h a t  t h e  c a r b a n i o n  
162 ( o r  i t s  i s o m e r  w i t h  l i t h i u m  on t h e  b e n z e n e  r i n g )  
w o u l d  a t t a c k  s u l f u r  t o  f o r m  a f i v e - m e m b e r e d  s u l f u r a n e ,  f o r  
e x a m p l e  163 ( e q .  4 3 ) .  S u l f u r a n e  163 c o u l d
( 4 2 )
( 43)
75
p s e u d o r o t a t e  s o  t h a t  t h e  n i t r o g e n  c o u l d  l e a v e  f r o m  an a p i c a l  
p o s i t i o n  t o  f o r m  1 6 4 .  The o t h e r  p o s s i b l e  p r o d u c t  
165 w o u l d  r e s u l t  f r o m  an a n i o n  f o r m e d  on  t h e  o r t h o  
p o s i t i o n  on  t h e  b e n z e n e  r i n g .  When d i s u l f o n i m i d e  160  
was  t r e a t e d  w i t h  t wo  e q u i v a l e n t s  o f  r i - b u t y l l  i t h i  um i n  
THF a t  - 7 8 ° C ,  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  i n  23?  
y i e l d  a n d  s u l f o n a m i d e  161 was  i s o l a t e d  i n  2? y i e l d  ( e q .
4 4 ) .  A t t e m p t s  t o  i s o l a t e  p r o d u c t s  f r o m  t h e  many o t h e r  b a n d s  
i n  t h e  c h r o m a t o g r a m  w e r e  u n s u c c e s s f u l .  When t h e  r e a c t i o n  
was  p e r f o r m e d  w i t h  t h r e e  e q u i v a l e n t s  o f  _ n - b u t y l l  i t h i u m  
a t  r o o m t e m p e r a t u r e ,  o n l y  6 ? r e c o v e r e d  s t a r t i n g  m a t e r i a l  wa s  
o b t a i n e d  t o g e t h e r  w i t h  28?  y i e l d  o f  s u l f o n a m i d e  1 6 1 .
^*"*1 n-BuLi CHj
ToIS0 2 N SOzPh — ► TolSO.NH 160
l 6 » 161 ( ” )
To u n d e r s t a n d  t h i s  r e a c t i o n  f u r t h e r ,  a s i m p l e r
d i s u l f o n a m i d e  wa s  i n v e s t i g a t e d .  The
b i  s - b e n z e n e d i s u l f o n i m i d e  166 wa s  s y n t h e s i z e d  by
51B a u m g a r t e n ' s  p r o c e d u r e  f r o m  s u l f o n a m i d e  167 ( e q .
4 5 ) .  The  s y n t h e s i s  o f  t h e  r e q u i r e d  s u l f o n a m i d e  1 6 7 ,  by 
c o u p l i n g  m e t h y l a m i n e  w i t h  b e n z e n e s u l f o n y l  c h l o r i d e  was  
c o m p l i c a t e d  by t h e  f o r m a t i o n  o f  m i x t u r e s  o f  b o t h  167 a n d
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d i s u l f o n i m i d e  1 6 6 .  The  r e a c t i o n  o f  166  w i t h  t wo  
e q u i v a l e n t s  o f  n - b u t y l l i t h i u m  i n  THF a t  r oom t e m p e r a t u r e  
l e d  t o  ^5% r e c o v e r e d  s t a r t i n g  m a t e r i a l ,  3 0 % s u l f o n a m i d e  
167  a n d  22% o f  p h e n y l  n - b u t y l  s u l f o n e  ( 1 6 8 ) ( e q .
4 6 ) .  When  t h e  r e a c t i o n  was  p e r f o r m e d  w i t h  t h r e e  e q u i v a l e n t s  
o f  n - b u t y l l i t h i u m , s t a r t i n g  m a t e r i a l  was  r e c o v e r e d  i n  
1 .5% y i e l d  a l o n g  w i t h  4 3 % o f  s u l f o n a m i d e  1 6 7  a n d  29% o f  
s u l f o n e  1 6 8 .  None  o f  t h e  r e a r r a n g e d  p r o d u c t  169 was  
i s o l a t e d .  The  m e c h a n i s n  o f  t h e  r e a c t i o n  o f  166 w i t h  
n - b u t y l 1 i t h i u m  a p p a r e n t l y  i n v o l v e s  n u c l e o p h i l i c  a t t a c k  
o f  n - b u t y l l i t h i u m  on  t h e  s u l f o n y l  s u l f u r  t o  c r e a t e  t h e  
c l e a v a g e  p r o d u c t s  167 a n d  16 8 .  The f o r m a t i o n  o f  
s u l f o n a m i d e  161 f r o m  t h e  r e a c t i o n  o f  d i s u l f o n a m i d e  
160  w i t h  _ n - b u t y l l  i  t h i  um , c o u l d  a r i s e  f r o m  
n u c l e o p h i l i c  a t t a c k  on  s u l f u r  by r i - b u t y l l  i t h i u m . 
A l t e r n a t i v e l y ,  d e p r o t o n a t i o n  o f  t h e  f J - m e t h y l  g r o u p ,  
e l i m i n a t i o n  o f  b e n z e n e s u l f i n a t e  a n i o n ,  f o l l o w e d  by h y d r i d e  
a t t a c k  a t  t h e  i m i n e  c a r b o n  w o u l d  r e s u l t  i n  s u l f o n a m i d e  
1 6 1 .
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Our  a t t e n t i o n  n e x t  t u r n e d  t o  C l o s s o n ’ s r e a r r a n g e m e n t  o f  
N - m e t h y l - N - p h e n y l ~ a r e n e s u l f o n a m i d e s  i n d u c e d  by
q £
a l k y l l i t h i u m  b a s e s .  H i s  e x a m p l e s  o f  e n d o c y c l i c  
s u b s t i t u t i o n  a t  s u l f u r ( V I )  i n v o l v e  f o u r - m e m b e r e d  c y c l i c  
s t r u c t u r e s  o f  g e n e r a l  f o r m u l a  1 6 9 ;  i t  i s  n o t  known 
w h e t h e r  169 i s  a  t r a n s i t i o n  s t a t e  o r  an i n t e r m e d i a t e  
( e q .  4 8 ) .  C l o s s o n  d i d  a c r o s s o v e r  e x p e r i m e n t  w i t h  a  m i x t u r e  
o f  N _ - m e t h y l - N - p h e n y l - 4 - t o l u e n e s u l f o n a m i d e  a n d  
N - m e t h y l - N - ( 4 ' - m e t h o x y ) p h e n y l - 4 - m e t h o x y b e n z e n e -  
s u l f o n a m i d e  a n d  o b s e r v e d  no c r o s s o v e r  p r o d u c t s .  I t  wa s  
c o n c l u d e d  t h a t  t h i s  r e a c t i o n  was  i n t r a m o l e c u l a r  a n d ,  
t h e r e f o r e ,  a c a s e  o f  e n d o c y c l i c  s u b s t i t u t i o n .  T h i s  
c r o s s o v e r  e x p e r i m e n t  was b a s e d  on  t h e  a s s u m p t i o n  t h a t  t h e r e  
i s  a n e g l i g i b l e  r a t e  d i f f e r e n c e  b e t w e e n  t h e  r e a r r a n g e m e n t  o f
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t h e  t w o  s u l f o n a m i d e s .  To t e s t  t h i s  a s s u m p t i o n  a n d  t o  ma ke  
s u r e  t h a t  t h i s  r e a c t i o n  w a s  i n t r a m o l e c u l a r ,  a n o t h e r  
c r o s s o v e r  e x p e r i m e n t  was d e s i g n e d  u t i l i z i n g  a m i x t u r e  o f  
d e u t e r a t e d  a n d  n o n d e u t e r a t e d  s u l f o n a m i d e s ,  s i n c e  t h e r e  w o u l d  
be  l i t t l e  o r  no r a t e  d i f f e r e n c e  b e t w e e n  t h e  t w o .  The 
r e a c t i o n  o f  N - m e t h y l - N - p h e n y l - 4 - t o l u e n e s u l f o n a m i d e  
( 1 7 0 )  wa s  r e p o r t e d  by C l o s s o n  t o  r e a r r a n g e  t o  
( 2 - m e t h y l a m i n o ) p h e n y l  4 - t o l y l  s u l f o n e  ( 1 7 1 )  i n  52$ y i e l d  
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Th e  s y n t h e s i s  o f  s u l f o n a m i d e  170 i n v o l v e d  c o u p l i n g  
4 - t o l u e n e s u l f o n y l  c h l o r i d e  w i t h  a n i l i n e  f o l l o w e d  by 
N - m e t h y l a t i o n  w i t h  p o t a s s i u m  h y d r o x i d e  a n d  i o d o m e t h a n e .
The  r e a r r a n g e m e n t  u s i n g  n - b u t y l l i t h i u m  a n d  C l o s s o n ' s  
c o n d i t i o n s  (THF,  r o o m t e m p e r a t u r e )  r e s u l t e d  i n  3 0 $  s u l f o n e
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1 7 1 .  The  d e u t e r a t e d  a n a l o g  1 72  was  s y n t h e s i z e d  by 
t h e  s a me  m e t h o d s  u s e d  f o r  t h e  p r e p a r a t i o n  o f  1 7 0 , 
u t i l i z i n g  d ^ - t o l u e n e s u l f o n y l  c h l o r i d e  ( 1 1 9 )  a n d  
d ^ - i o d o m e t h a n e  ( A l d r i c h ) .
I f  t h e  r e a r r a n g e m e n t  was  i n t r a m o l e c u l a r ,  t h e n  o n l y
p r o d u c t s  173  a n d  17*1 s h o u l d  b e  o b t a i n e d  ( e q .  5 0 ) .
The  e x p e c t e d  d e u t e r i u m  r a t i o  of  d Q : d^  : dg
w o u l d  be  1 : 0 : 1 .  I f  t h e  r e a c t i o n  wa s  i n t e r m o l e c u l a r ,
t h e n  t h e  f o u r  s u l f o n e s  173 t o  1 76  w o u l d  be  o b t a i n e d .
I n  t h i s  c a s e  t h e  d n : d 0 : d.- r a t i o  w o u l d  be  10 3 o
: 2 : 1 .  As t h e  m a s s  s p e c t r u m  o f  172 r e v e a l s  p r o t o n  
i s o t o p o m e r s ,  t h e  d e u t e r i u m  p a t t e r n  o f  t h e  d ^ - m e t h y l  
g r o u p s  h a d  t o  b e  t a k e n  i n t o  a c c o u n t .  The  e x p e c t e d  p e r c e n t  
i n t e n s i t i e s  f o r  i n t r a m o l e c u l a r  a n d  i n t e r m o l e c u l a r  r e a c t i o n s  
w e r e  c a l c u l a t e d  i n  t h e  s a me  way  a s  f o r  t h e  c r o s s o v e r  
r e a c t i o n  b e t w e e n  147  a n d  15 3 -  The i n t e r m o l e c u l a r  
c a l c u l a t i o n s  w e r e  b a s e d  on  t h e  f r a g m e n t s  f r o m  t h e  m a s s  
s p e c t r u m  o f  172 ( T a b l e  8 ) .
T a b l e  8 : F r a g m e n t s  i n  t h e  Ma s s  S p e c t r u m  o f  172 .
m/ e  ( i n t e n s i t y )  
d3 d 2 d 1 d 0
( c D 3N H C 6h J *  109  ( 8 1 ) 1 0 8 ( 5)  1 07 ( 7 )  1 0 6 (  7)
( c D3C6H4S °z)* 158 ( 48)  1 57 ( 21 ) 1 56 ( 1 6 ) 1 5 5 ( 1 5 )
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E q u i m o l a r  a m o u n t s  o f  170  a n d  172 w e r e  t r e a t e d  
w i t h  t w o  e q u i v a l e n t s  o f  _ n - b u t y l l  i t h i u m , a n d  t h e  
r e s u l t i n g  r e a r r a n g e d  p r o d u c t  wa s  i s o l a t e d  a n d  a n a l y z e d  by 
m a s s  s p e c t r o m e t r y .  The  p e r c e n t  d e u t e r i u m  i n  t h e  p r o d u c t  i s  
i n  a c c o r d  w i t h  a  c o m p l e t e l y  i n t r a m o l e c u l a r  r e a c t i o n  ( T a b l e  
9 ) .  The  p e r c e n t  i n t e n s i t i e s  f o r  dg t o  d Q p e a k s  
o b s e r v e d  f o r  t h e  p r o d u c t  177  m a t c h ,  on  t h e  a v e r a g e  t h o s e  
c a l c u l a t e d  f o r  a n  i n t r a m o l e c u l a r  r e a c t i o n  w i t h i n  2.  3% • 
T h e r e f o r e ,  i t  i s  c o n c l u d e d  t h a t  t h e  r e a r r a n g e m e n t  o f  170  
i s  an  e x a m p l e  o f  e n d o c y c l i c  s u b s t i t u t i o n  a t  s u l f u r ( V I ) .
T h i s  r e s u l t  a l s o  s u p p o r t s  t h e  a s s u m p t i o n  made  by Cl  os  s o n  
t h a t  t h e  s u l f o n a m i d e s  u s e d  i n  h i s  c r o s s o v e r  r e a c t i o n  r e a c t  















T a b l e  9 :  A n a l y s i s  o f  t h e  Ma s s  S p e c t r u m  o f  t h e  P r o d u c t  
o f  t h e  C r o s s o v e r  R e a c t i o n  o f  170 a n d  172 .
m/ e  2 5 7  2 66  2 6 5  264  263  262 261
do d5 d4  d3 d2  d3 dO
o b s . %
i n t e n s i t y  -  -  -  -  5 1 4 81
o f  170
o b s . %
i n t e n s i t y  65 20 8 7
o f  172
o b s  . %
i n t e n s i t y  33  9 2 1 4 13  38
o f  177
c a l c d .  %
i n t e n s i t y  32 10 4 3 3 6 41
( i n t r a m o l e c u l a r )
c a l c d .  %
i n t e n s i t y  10 5 4 37  7 6 31









I n  s u m m a r y ,  e n d o c y c l i c  s u b s t i t u t i o n  a t  s u l f u r ( V I )  
o c c u r s  when a f o u r - m e m b e r e d  c y c l i c  i n t e r m e d i a t e  o r  
t r a n s i t i o n  s t a t e  i s  i n v o l v e d .  E x a m p l e s  f r o m  t h e  l i t e r a t u r e
g c. h
a r e  C l o s s o r . '  s J " N_- a r y l  a r  e n e s  u l  f  onam j. d e s  30 a n d  
37 ^ 1H e l 1 w i n k e l ' 3  ’ e x t e n s i o n  o f  t h i s  r e a c t i o n  w i t h
s u l f o n a m i d e s  s u c h  a s  4 6 ,  61 a n d  6 7 .  Our  
i n v e s t i g a t i o n  o f  t h e  r e a r r a n g e m e n t  o f  170 w i t h  
d e u t e r a t e d  a n a l o g  172 c o n f i r m s  t h a t  t h i s  r e a c t i o n  i s  
i n t r a m o l e c u l a r .  I n s p e c t i o n  o f  m o l e c u l a r  m o d e l s  s u g g e s t  t h a t  
t h e  f o u r - m e m b e r e d  c y c l i c  i n t e r m e d i a t e  i s  s t r a i n e d ;  y e t  t h e  
r e a c t i o n  p r o c e e d s  w e l l  a n d  p r e s u m a b l y  w i t h  r e t e n t i o n  a t  
s u l f u r ( V I ) .
An e x a m p l e  o f  e n d o c y c l i c  s u b s t i t u t i o n  a t  s u l f u r ( V I )  
i n v o l v i n g  f i v e - m e m b e r e d  r i n g s  h a s  y e t  t o  be  f o u n d .
2 - A m i n o p h e n y l  a r e n e s u l f o n a t e s , s u c h  a s  9 7 ,  100  a n d  
1 0 3 ,  r e a r r a n g e  t o  t h e  c o r r e s p o n d i n g  s u l f o n a m i d e s .  I t  
may be  t h a t  t h i s  r e a r r a n g e m e n t  i s  e n d o c y c l i c .  The  c r o s s o v e r  
e x p e r i m e n t  o f  111 w i t h  d e u t e r a t e d  a n a l o g  1 2 2  p r o v e d  
b e y o n d  a d o u b t  t h a t  t h i s  r e a r r a n g e m e n t  i s  i n t r a m o l e c u l a r . 
H o w e v e r ,  t h e  r e a r r a n g e m e n t  o f  129  t o  t h e  c o r r e s p o n d i n g  
s u l f o n a m i d e  a s  w e l l  a s  t h e  i s o l a t i o n  o f  t h e  a z o b e n z e n e  f r o m
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t h e  r e a r r a n g e m e n t  o f  91 m a k e s  t h e  r e a r r a n g e m e n t  o f
2 - a m i n o a r y l  a r e n e s u l f o n a t e s  s u s p e c t .  S u l f o n a t e  129  c a n  
o n l y  r e a r r a n g e  t h r o u g h  a n  e l i m i n a t i o n - a d d i t i o n  p a t h w a y  
i n v o l v i n g  a q u i n o n i m i n e - t y p e  s p e c i e s  o r  by an  i n t e r m o l e c u l a r  
p a t h w a y .  The  a z o b e n z e n e  w o u l d  a r i s e  f r o m  a q u i n o n i m i n e .
One  way t o  s h e d  a d d i t i o n a l  l i g h t  on t h e  m e c h a n i s m  i s  t o  
c r e a t e  a  c h i r a l  s u l f u r ( V I ) .  R e a r r a n g e m e n t  o f  s u c h  a n  
o p t i c a l l y  a c t i v e  s u l f o n a t e  a n d  o b s e r v a t i o n  o f  t h e  
s t e r e o c h e m i s t r y  m i g h t  r u l e  o u t  o n e  o f  t h e  p a t h w a y s .  I f  an  
e n d o c y c l i c  m e c h a n i s m  i s  i n v o l v e d ,  r e t e n t i o n  o r  i n v e r s i o n  o f  
c o n f i g u r a t i o n  a t  s u l f u r  s h o u l d  be  o b s e r v e d ,  r e s u l t i n g  f r o m  a 
9 0 °  o r  a  1 2 0 °  a p p r o a c h  o f  t h e  n u c l e o p h i l e ,
r e s p e c t i v e l y .  R e t e n t i o n  o f  c o n f i g u r a t i o n  a t  s u l f u r ( V I )  w o u l d  
a l s o  r e s u l t  f r o m  t h e  e l i m i n a t i o n - a d d i t i o n  p a t h w a y ,  b e c a u s e  
t h e  s u l f i n a t e ,  w h i c h  i s  e l i m i n a t e d  f r o m  t h e  m o l e c u l e ,  
r e t a i n s  i t s  c o n f i g u r a t i o n  a b o u t  s u l f u r ( I V ) .  Wor k  i s  
c o n t i n u i n g  on  t h i s  p r o b l e m .
D i s u l f o n i m i d e s  160 a n d  166 w e r e  i n v e s t i g a t e d  
a s  t h e y  c o u l d  p o t e n t i a l l y  i n v o l v e  f i v e - m e m b e r e d  c y c l i c  
s u l f u r a n e s  i n  t h e  s u b s t i t u t i o n  r e a c t i o n .  O n l y  t h e  c l e a v a g e  
o f  t h e s e  m o l e c u l e s  was  o b s e r v e d ,  p r o b a b l y  r e s u l t i n g  f r o m  
n u c l e o p h i l i c  a t t a c k  a t  s u l f u r  by n - b u t y l l i t h i u m .
A s e a r c h  w a s  ma de  t o  f i n d  a n  e x a m p l e  o f  e n d o c y c l i c  
s u b s t i t u t i o n  a t  s u l f u r ( V I )  i n v o l v i n g  s i x - m e m b e r e d  c y c l i c  
s u l f u r a n e s .  S u l f o n a m i d e  133  wa s  i n v e s t i g a t e d  a n d  was  
f o u n d  t o  u n d e r g o  e l i m i n a t i o n  i n  p r e f e r e n c e  t o  s u b s t i t u t i o n .
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B o t h  s u l f o n e  141 a n d  l i t h i u m  4 - t o l u e n e s u l f i n a t e  w e r e  
i s o l a t e d  f r o m  t h e  r e a c t i o n  m i x t u r e .  B a s e  e v i d e n t l y  
d e p r o t o n a t e d  t h e  m e t h y l  o f  t h e  N_-met hyl  g r o u p  w h i c h  t h e n  
e l i m i n a t e d  4 - t o l u e n e s u l f i n a t e  a n i o n .  H y d r i d e  a t t a c k  o n  t h e  
r e s u l t i n g  i m i n e  wa s  p r o p o s e d  t o  e x p l a i n  t h e  f o r m a t i o n  o f  
s u l f o n e  14 1 .
R e a r r a n g e m e n t  o f  s u l f o n a t e  147 was  i n v e s t i g a t e d  a s  
t h e o r e t i c a l l y  i t  c o u l d  p r o c e e d  t h r o u g h  a s i x - m e m b e r e d  c y c l i c  
s u l f u r a n e .  A c r o s s o v e r  e x p e r i m e n t  o f  147  w i t h  i t s  
d e u t e r a t e d  a n a l o g ,  153? r e v e a l e d  t h a t  t h e  r e a c t i o n  was  
i n t e r m o l e c u l a r  a n d  t h u s  n o t  a c a s e  o f  e n d o c y c l i c  
s u b s t i  t u t i o n .
The  i n v e s t i g a t i o n  o f  t h e  g e o m e t r y  o f  n u c l e o p h i l i c
s u b s t i t u t i o n  a t  s u l f u r ( V I )  u s i n g  e n d o c y c l i c  s y s t e m s  i s  b a s e d
on a n  e x t r e m e l y  i n t e r e s t i n g  i d e a .  I f  an  e x a m p l e  o f
r e t e n t i o n  o r  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  s u l f u r ( V I )  c o u l d
be  f o u n d ,  an  i m p o r t a n t  p i e c e  o f  i n f o r m a t i o n  w o u l d  be  g a i n e d
i n  o u r  k n o w l e d g e  o f  s u b s t i t u t i o n  a t  s u l f u r .  I t  i s
e n c o u r a g i n g  t h a t  a  s i m i l a r  s t u d y  on  p h o s p h o r u s  s u c c e s s f u l l y
i l l u s t r a t e d  t h a t  a 9 0 °  a p p r o a c h  t o  p h o s p h o r u s  i s  
2 5p o s s i b l e .
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EXPERIMENTAL
I n s t r u m e n t a t i o n .   ^ H NMR s p e c t r a  w e r e  r e c o r d e d
on  a V a r i a n  EM360A i n s t r u m e n t .  ^ B ,   ^ a n d  ^ F
NMR s p e c t r a  w e r e  r e c o r d e d  on a JEOL FX90Q i n s t r u m e n t .
1 13H a n d  C NMR s p e c t r a  w e r e  r e f e r e n c e d  t o  i n t e r n a l  
1 g
TMS.  F NMR s p e c t r a  w e r e  r e f e r e n c e d  t o  e x t e r n a l
t r i f l u o r o a c e t i c  a n h y d r i d e .  1 1 B NMR s p e c t r a  w e r e  
r e f e r e n c e d  t o  i n t e r n a l  b o r o n  t r i f l u o r i d e .  I n f r a r e d  s p e c t r a  
w e r e  r e c o r d e d  on  a P e r k i n - E l m e r  2 8 3 B i n s t r u m e n t .  E l e m e n t a l  
a n a l y s e s  a n d  m a s s  s p e c t r a  w e r e  p e r f o r m e d  a t  t h e  U n i v e r s i t y  
o f  New H a m p s h i r e  I n s t r u m e n t a t i o n  C e n t e r  u s i n g  a P e r k i n - E l m e r  
2U0B E l e m e n t a l  A n a l y z e r  a n d  a H i t a c h i - P e r k i n - E I m e r  RMU-6E 
Ma s s  S p e c t r o m e t e r .
M a t e r i a l s .  T h i n  l a y e r  c h r o m a t o g r a p h y  was  p e r f o r m e d  
on c o m m e r c i a l  p r e - c o a t e d  s h e e t s  ( s i l i c a  g e l  6 0 F - 2 5 4  on 
a l u m i n u m ,  S a r g e n t - W e l c h ) .  A l l  c h e m i c a l s  w e r e  r e a g e n t  g r a d e .  
M e t h y l e n e  c h l o r i d e  wa s  d i s t i l l e d  f r o m  p h o s p h o r u s  p e n t o x i d e .  
E t h y l  a c e t a t e  was  d i s t i l l e d  f r o m  c a l c i u m  h y d r i d e .
T r i e t h y l  a m i n e  was  d i s t i l l e d  f r o m  p o t a s s i u m  h y d r o x i d e .
D i m e t h y l f o r m a m i d e  was  t r e a t e d  w i t h  b a r i u m  o x i d e  f o r  24 h o u r s  
a n d  t h e n  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e .  M e t h a n o l  was  
r e f l u x e d  o v e r  m a g n e s i u m  t u r n i n g s  a n d  i o d i n e  a n d  t h e n
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d i s t i l l e d  t o  p r e p a r e  a b s o l u t e  m e t h a n o l .  T e t r a h y d r o f u r a n  
( THF)  a n d  1 , 2 - d i m e t h o x y e t h a n e  ( DME) w e r e  f i r s t  d i s t i l l e d  
f r o m  c a l c i  urn h y d r  i  de  a n d  t h e n  f r o m  s o d i  um a n d  b e n z o p h e n o n e .
2 - A m i n o p h e n o l  wa s  r e c r y s t a l l i z e d  f r o m  e t h y l  a c e t a t e .  
9 - T o l u e n e s u l f o n y l  c h l o r i d e  was  r e c r y s t a l l i z e d  f r o m h e x a n e . 
A n i l i n e  was  d i s t i l l e d  f r o m  z i n c  d u s t  a n d  s o d i u m  b o r o h y d r i d e .  
B e n z e n e s u l f o n y l  c h l o r i d e  was  t r e a t e d  w i t h  t h r e e  m o l e  p e r c e n t  
e a c h  t o l u e n e  a n d  a l u m i n u m  t r i c h l o r i d e  f o r  24  h o u r s ,  t h e n  
f r a c t i o n a l l y  d i s t i l l e d  ( 10  mm) .  A l l  s o l i d s  w e r e  w e i g h e d  on  
an  a n a l y t i c a l  b a l a n c e  t o  f o u r  s i g n i f i c a n t  f i g u r e s ;  t h e  
w e i g h t s  w e r e  r o u n d e d  o f f  t o  t h r e e  s i g n i f i c a n t  f i g u r e s .
3 - T r i f l u o r o m e t h y b e n z e n e s u l f o n y l  C h l o r i d e  
( 9 8 )  . 53 Ol eum ( 2 9  g ,  62%) was  a d d e d  s l o w l y  t h r o u g h  
a p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l  t o  
t r i f l u o r o m e t h y l b e n z e n e  ( 3 0 . 0  g ,  0 . 2 0 5  m o l )  i n  a 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a t  
0 ° C . The  a d d i t i o n  was  c o m p l e t e  a f t e r  t wo  h o u r s .  The 
s o l u t i o n  wa s  s t i r r e d  f o r  t w e n t y - f o u r  h o u r s  a t  r oom 
t e m p e r a t u r e .  S a t u r a t e d  s o d i u m  c h l o r i d e  s o l u t i o n  ( 1 0 0  mL) 
wa s  a d d e d  t o  q u e n c h  t h e  r e a c t i o n .  T h e  w h i t e  s a l t  was  
f i l t e r e d  a n d  d r i e d  t h o r o u g h l y  i n  a v a c u u m d e s s i c a t o r  o v e r  
P 2 ®^ p o w d e r .  The  w h i t e  s a l t  was  p l a c e d  i n  a 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r e r .  
P h o s p h o r u s  p e n t a c h l o r i d e  ( 289  g ,  1 . 3 6  m o l )  was  a d d e d  ^ l o w l y  
v i a  a p o w d e r  f u n n e l ,  w h i c h  was  t h e n  r e p l a c e d  by a r e f l u x  
c o n d e n s e r .  The  s l u r r y  wa s  h e a t e d  u n t i l  r e f l u x  i n  a n  o i l
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b a t h  f o r  f i f t e e n  h o u r s .  T o l u e n e  wa s  a d d e d  a n d  t h e n  r e m o v e d  
b y  v a c u u m d i s t i l l a t i o n .  T h e  r e m a i n i n g  l i q u i d  was  
t r a n s f e r r e d  t o  a  s m a l l  d i s t i l l a t i o n  a p p a r a t u s  a n d  t h e  
p r o d u c t  f r a c t i o n a l l y  d i s t i l l e d  u n d e r  v a c u u m t o  g i v e  6 2 . 2 % o f  
98 ( 3 1 . 1  g ,  0 . 1 2 3  m o l ) :  bp 74° C ( 2 . 4  mm) ( l i t . 53 
8 8 - 9 0 ° C , 5mm);  I R ( n e a t ,  NaCl  p l a t e s )  3 0 8 0 ,  1 6 2 0 ,  1 4 4 5 ,
1 3 9 0 ,  1335  a n d  1 1 4 0  ( S 0 2 C 1 ) ,  1 2 9 0 ,  1190  ( C F ) ,  1 1 1 0 ,
1 0 7 0 ,  81 0 cm" 1 ; 1 H NMR (CD Cl  3 ) c / “ 7 . 6 6  -  8 . 3 3  
(m,  4 H ) ;  ma s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  246  ( 2 0 ,  M + 2) , 244  
( 6 0 ,  M), 209 ( 3 3 5 ) ,  145 ( 1 0 0 0 ) .  A n a l .  C a l c d  f o r  
C7 HilC l F 3 0 2 S : C,  3 4 . 4 3 ;  H, 1 . 6 5 .  F o u n d :  C,
3 4 . 5 1 ;  H, 1 . 6 6 .
2 ' -Ami n o ph en y l  3 - T r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  
( 9 7 ) .  2-Ami  n o p h e n o l  ( 6 . 1 1  g ,  0 . 0 5 6 1  m o l )  was  s u s p e n d e d  
i n  m e t h y l e n e  c h l o r i d e  ( 5 0  mL) u n d e r  n i t r o g e n ,  i n  a 
f l a m e - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r  a n d  a s e p t u m  c a p .  T h e  m i x t u r e  was  b r o u g h t  t o  
0°C w i t h  a n  i c e  b a t h .  T r i e t h y l  a m i n e  ( 5 . 9 2  g ,  0 . 0 5 8 5  
m o l )  wa s  a d d e d  v i a  s y r i n g e  a n d  t h e  m i x t u r e  wa s  s t i r r e d  
f o r  f i v e  m i n u t e s .  T h e  s e p t u m  c a p  wa s  t e m p o r a r i l y  r e m o v e d  
a n d  u n d e r  a f a s t  f l o w  o f  n i t r o g e n ,
3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 1 4 . 3  g ,  0 . 0 5 8 7  
m o l )  wa s  a d d e d  t h r o u g h  a p o w d e r  f u n n e l .  The i c e  b a t h  wa s  
r e m o v e d  a n d  t h e  s o l u t i o n  wa s  s t i r r e d  a t  r o o m t e m p e r a t u r e  f o r  
o n e  h o u r .  The m i x t u r e  was  w a s h e d  t w i c e  w i t h  w a t e r  ( 20  mL ) ,  
d r i e d  o v e r  a n h y d r o u s  s o d i u m  s u l f a t e ,  a n d  f i l t e r e d .  The
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s o l v e n t  was  r e m o v e d  a n d  t h e  p r o d u c t  r e c r y s t a l l i z e d  f r o m  
c h l o r o f o r m - p e t r o l e u m  e t h e r  t o  g i v e  5 4 . 6 ?  o f  97 ( 9 . 7 1  g ,  
0 . 0 3 0 6  m o l ) :  mp 1 0 6 - 1 0 7 ° C ;  IR ( K 3 r )  3495  a n d  3 4 0 5  
(NH2 ) ,  3 0 8 0 ,  1 6 4 0 ,  1 6 1 0 ,  1 5 0 0 ,  1370 a n d  1195 ( S 0 , 0 ) ,
1330  ( C F ) ,  1 1 2 5 ,  8 0 0 ,  760 cm- 1 ; 1 H NMR ( C D C l ^  e/*
3 . 7  ( b r  s ,  2 H ) , 6 . 4 - 8 . 1 3  (m,  8 H ) ; 1 3 C NMR ( C D C 1 cT  
1 3 9 . 6 2 ,  1 3 5 . 8 9 ,  1 3 2 . 7 3 ,  1 3 1 . 7 5 ,  1 3 0 . 9 6  ( 3 J CF= 4 . 4  
H z ) 5 4 , 1 2 9 . 9 9 ,  1 2 8 . 3 1 ,  1 2 5 . 6 7  ( 3 J c p = 4 . 4  H z ) ,
1 2 2 . 9 7  ( 1J Cp=272  Hz ) ,  1 2 2 . 7 1 ,  1 1 8 . 4 2 ,  1 1 7 . 3 8 ;
1 9 F NMR ( CDC13 ) c T  1 4 . 6 2 ;  ma s s  s p e c t r u m ,  m / e  
( i n t e n s i t y )  317 ( 2 7 ,  M ) , 209  ( 1 2 9 ) ,  145  ( 1 1 2 ) ,  108  ( 1 0 0 0 ) .  
A n a l .  C a l c d  f o r  C 1 H1 q F ^ O ^ S : C,  4 9 . 2 1 ;  H,
3 . 1 8 ;  N, 4 . 4 1 .  F o u n d :  C,  4 9 . 1 4 ;  H, 3 . 0 0 ;  N, 4 . 4 5 .
N - ( 2 1- H y d r o x y p h e n y l ) - 3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n -  
amide ( 9 9 ) .  2- Ami  n o p h e n o l  ( 0 .  994 g ,  9 . 1 1  mmol )  was  
s u s p e n d e d  u n d e r  n i t r o g e n  i n  d r y  m e t h y l e n e  c h l o r i d e  ( 2 0 mL) 
i n  a  50- mL r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r  a n d  a s e p t u m  c a p .  T h e  s y s t e m  was  c o o l e d  t o  
- 7 8 ° C  u s i n g  a Dr y  I c e - a c e t o n e  b a t h .  P y r i d i n e  (0 . 452 mL,
5 . 0 1  mmol )  a n d  t h e n  a s o l u t i o n  o f
3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 1 . 1 1  g ,  4 . 5 5  
mmol )  i n  m e t h y l e n e  c h l o r i d e  ( 5  m L ) , w e r e  a d d e d  s u c c e s s i v e l y  
v i a  s y r i n g e .  A f t e r  t h e  r e a c t i o n  h a d  b e e n  s t i r r e d  a t  
- 7 8 ° C  f o r  t e n  m i n u t e s ,  t h e  Dr y  I c e - a c e t o n e  b a t h  was  
t a k e n  away  a n d  t h e  s o l u t i o n  was  a l l o w e d  t o  warm u p  t o  r o o m
91
t e m p e r a t u r e .  The  r e a c t i o n  was  m o n i t o r e d  by TLC ( m e t h y l e n e  
c h l o r i d e )  f o r  t h e  d i s a p p e a r a n c e  o f  t h e  s u l f o n y l  c h l o r i d e .  
A f t e r  f i v e  h o u r s  t h e  r e a c t i o n  was  c o m p l e t e .  The  s o l u t i o n  
was  w a s h e d  t w i c e  w i t h  w a t e r  ( 1 0  m L ) , d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  c r u d e  o r a n g e  s o l i d  was  p a s s e d  t h r o u g h  
a c o l u m n  o f  s i l i c a  g e l  ( e t h y l  a c e t a t e ) .  The p r o d u c t  was  
r e c r y s t a l 1 i z e d  f r o m  c a r b o n  t e t r a c h l o r i d e  t o  g i v e  8 2 . 3 ^  o f  
99 ( 1 . 1 9  g ,  3 . 7 5  mm o l ) :  mp 1 2 5 - 1 2 6 ° C ; IR ( K B r ) 3960 
(OH) ,  3 2 6 0  ( NH) ,  3 0 8 0 ,  1 6 0 0 ,  1 5 1 0 ,  1 9 7 5 ,  1 9 i o , 1 330  a n d  1170 
( S 0 2 N ) , 1130 ( C F ) ,  1 0 9 0 ,  1 0 7 0 ,  8 1 0 ,  750 cm- 1 ; 1 H
NMR ( CDC1 3 ) c f  1 . 6 3  ( s ,  1 H) ,  5 . 9 0  ( s ,  1 H) ,  6 . 6  - 7 .  9 (m,
8 H) ; 1 3 C NMR ( d 6 - a c e t o n e  ) c f  1 5 0 . 7 9 ,  1 9 2 . 9 0 ,  1 3 2 . 1 3 ,
1 3 1 . 7 9 ,  1 3 1 . 3 9  ( 2 J CF= 3 2 . 9 7  H z ) ,  1 3 0 . 9 6 ,  1 3 0 . 0 6  
( 3 J CF= 3 . 6 6  Hz ) ,  1 2 7 . 7 7 ,  1 2 5 . 6 9 ,  1 2 9 . 8 6  
( 3 J c f = 9 . 1 5  Hz ) ,  1 2 9 . 9 8  ( 1J CF=272  H z ) ,
1 2 0 . 6 8 ,  1 1 6 . 9 2 ;  1 9 F NMR ( d 6 - a c e t o n e ) c f  1 7 . 9 6 .  A n a l .
C a l c d  f o r  C ] H1 Q F3 N03 S : C,  9 9 . 2 1 ;  H, 3 - 1 8 ;
N, 9 . 9 1 .  F o u n d :  C,  9 9 . 5 9 ;  H, 3 . 1 1 ;  N, 9 . 9 7 .
R e a c t i o n  o f  2 ' - A mi n o p h en y l  3 - T r i f l u o r o m e t h y l -  
b e n z e n e s u l f o n a t e  ( 9 7 )  w i t h  n - B u t y l l i t h i u m .
2 ' - A m i n o p h e n y l - 3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  ( 0 . 1 1 0  g ,  
0 . 3 9 7  mmol )  was  d i s s o l v e d  i n  d r y  THF ( 6 0  mL) u n d e r  n i t r o g e n  
i n  a  f l a m e - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a 
m a g n e t i c  s t i r r e r  a n d  s e p t u m  c a p .  The  s o l u t i o n  was  b r o u g h t  
t o  0° C w i t h  an  i c e  b a t h ,  n - B u t y 1 1 i t h i u r n  (9
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e q u i v a l e n t s ,  0 . 8 4  mL o f  a  1 . 6  M s o l u t i o n  i n  h e x a n e ,  1 . 4  
mmol )  wa s  i n t r o d u c e d  t o  t h e  f l a s k  v i a  d r y  s y r i n g e .  The  
s o l u t i o n  was  s t i r r e d  f o r  o n e - h a l f  h o u r  a t  0°C f o l l o w e d  
by  t wo  h o u r s  a t  r o o m t e m p e r a t u r e  end t h e n  h y d r o l y z e d  w i t h  10 
mL o f  5% a q u e o u s  h y d r o c h l o r i c  a c i z  s o l u t i o n .  The THF was  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n :  t h e  r e m a i n i n g  w a t e r  was  
e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  (60 mL) .  The  
o r g a n i c  l a y e r s  w e r e  c o m b i n e d ,  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  
s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e  t o  g i v e  a  b l a c k  t a r .  T w e l v e  s p o t s  w e r e  p r e s e n t  on  
t h e  TLC ( 2 0 $  p e t r o l e u m  e t h e r ,  80$ m e t h y l e n e  c h l o r i d e ) ;  no 
s t a r t i n g  m a t e r i a l  c o u l d  be  d e t e c t e d .  No f u r t h e r  wo r k  wa s  
a t t e m p t e d .
R e a c t i o n  o f  97 w i t h  L i t h i u m  D i i s o p r o p y l a m i d e .
2 ' - A m i n o p h e n y l  3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  ( 0 . 5 0  g ,
1 . 6  mmol )  was  p l a c e d  u n d e r  n i t r o g e n  i n  a f l a m e - d r i e d ,  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a n d  a 
s e p t u m  c a p .  Dr y  THF ( 6 0  mL) was  a d d e d  v i a  s y r i n g e  a n d  
t h e  s o l u t i o n  wa s  b r o u g h t  t o  - 7 8 ° C  w i t h  a Dr y  I c e - a c e t o n e  
b a t h .  L i t h i u m  d i i s o p r o p y l a m i d e  (LDA) ( 3  e q u i v a l e n t s )  wa s  
p r e p a r e d  u n d e r  n i t r o g e n  i n  d r y  THF ( 5  mL) f r o m  
d i i s o p r o p y l a m i n e  ( 0 . 6 5  mL , 4 . 6  mmol )  a n d  n - b u t y l l i t h i u m  
( 3 . 0  mL o f  a  1 . 6  M s o l u t i o n  i n  h e x a n e )  i n  a f l a m e - d r i e d ,  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a n d  a 
s e p t u m  c a p ,  a n d  b r o u g h t  t o  - 7 8 ° C .  The  s o l u t i o n  o f  LDA 
was  c a n n u l a t e d  v i a  a  d o u b l e - t i p p e d  n e e d l e  i n t o  t h e
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r e a c t i o n  f l a s k  a n d  t h e  s o l u t i o n  was  s t i r r e d  f o r  o n e - h a l f
h o u r .  T h e  Dr y  I c e - a c e t o n e  b a t h  was  r e p l a c e d  by a n  i c e  b a t h ,
a n d  t h e  s o l u t i o n  wa s  s t i r r e d  f o r  f o u r  h o u r s  a t  0 ° C .
W a t e r  ( 2 0  mL) wa s  a d d e d  t o  q u e n c h  t h e  r e a c t i o n .  T h e  THF was  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e m a i n i n g  w a t e r  was  
e x t r a c t e d  t w i c e  w i t h  m e t h y l e n e  c h l o r i d e  ( 8 0  mL) .  Th e  
c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  
s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e  t o  g i v e  a c r u d e  o r a n g e  s o l i d .  R e c r y s t a l l i z a t i o n  
f r o m  c a r b o n  t e t r a c h l o r i d e  a n d  p e t r o l e u m  e t h e r  y i e l d e d  t h e  
s u l f o n a m i d e  99  i n  2 4 . 4 ?  y i e l d  ( 0 . 1 2 4  g ,  0 . 3 9 1  m m o l ) :  mp 
1 2 4 - 1 2 5 . 5° C;  I R ( K B r )  3460 ( OH) ,  3260  ( NH) ,  1330  a n d  
1170  ( S 0 2 N ) , 1130  ( CF)  cm- 1 ; 1 H NMR ( C DCl ^ )  c f
1 . 6 3  ( s ,  1 H) ,  5 . 9 0  ( s ,  1 H ) ,  6 . 6 - 7 . 9  (m,  8 H ) ;  m a s s  s p e c t r u m ,
31 7 (M) .
3 ' - ( 2 ’ - A m i n o ) p y r i d y l  3 - T r i f l u o r o m e t h y l b e n z e n e -  
s u l f o n a t e  ( 1 0 0 ) .  The  p r o c e d u r e  was  t h e  s a me  a s  f o r  t h e  
s y n t h e s i s  o f  99  e x c e p t  t h a t  2 - a m i  n o - 3 - h y d r o x y p y r i d i n e  
( 1 . 0 1  g ,  9 . 1 6  mmol )  wa s  c o u p l e d  t o
3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 2 . 3 9  g ,  9 . 8 2  
m m o l ) .  The  c r u d e  p r o d u c t  wa s  p u r i f i e d  by r e c r y s t a l l i z a t i o n  
f r o m  c a r b o n  t e t r a c h l o r i d e  t o  g i v e  66 . 7%  o f  100 ( 1 . 9 5  g ,
6 . 1 1  m m o l ) :  mp 1 1 1 - 1 1 3 - 5 ° C ; IR ( KBr )  3500 a n d  3330  
(NH2 ) ,  3 1 2 0 ,  3 0 4 0 ,  2 9 5 0 ,  1 6 5 5 ,  1 6 2 0 ,  1 5 0 0 ,  1390 a n d  1160
( S 0 2 0 ) ,  1 3 4 0 ,  1 2 1 0 ,  1 1 4 0 ,  1 0 7 5 ,  8 1 0 ,  750 cm- 1 ;
1 H NMR (CDC1 3 ) c T  4 . 7 0  ( b r  s ,  2 H ) , 6 . 4 3 - 8 . 1 3  (m,  8 H ) ;
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1 3C NMR ( C D C l ^ o T  1 5 2 . 1  7 ,  1 4 6 . 9 0 ,  1 3 6 . 5 0 ,  1 3 2 . 9 9 ,
1 3 1 . 6 9 ,  1 3 1 . 6 2  3 J c f = 5 . 8 6  H z ) ,  1 3 0 . 3 2 ,  1 2 9 . 0 9 ,  1 2 5 . 6 4  
( 3 J CF= 3 . 9 1  H z ) ,  1 2 2 . 9 1  ( 1 J c f  = 2 7 2  H z ) ,
1 1 3 . 9 3 ;  1 9 F NMR ( CDC13 ) c/~ 1 1 . 7 1 .  A n a l .  C a l c d  f o r  
C 1 2 H9 F 3 N2 0 3 S : C,  4 5 . 2 8 ;  H, 2 . 8 5 ;  N,
8 . 8 0 .  F o u n d :  C,  4 5 . 0 8 ;  H, 2 . 9 1 ;  N, 8 . 6 6 .
A t t e m p t e d  S y n t h e s i s  o f  N-2  ' - [ ( 3 1- H y d r o x y ) -  
p y r i d y l ] - 3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a m i d e  ( 1 0 1 ) .
Method 1: 2 - A m i n o - 3 - h y d r o x y p y r i d i n e  ( 1 . 5  e q u i v a l e n t s ,
0 . 3 9 2  g ,  3 . 5 6  mmol )  wa s  c o u p l e d  t o
3 - t r i f 1 u o r o m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 0 . 5 7 9  g ,  2 . 3 7  
mmol )  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  t h e  s y n t h e s i s  o f  99 
e x c e p t  t h a t  i t  wa s  d o n e  a t  r o o m t e m p e r a t u r e .  The  c r u d e
p r o d u c t  was  p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,
e t h y l  a c e t a t e )  t o  y i e l d  7 5 . 6% 3 ' - ( 2 ' - a m i n o ) p y r i d y l
3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  ( 1 0 0 ) ( 0 . 5 7 1  g ,  1 . 7 9  
mmo l ) :  mp 1 0 9 - 1 1 1 ° C ; IR ( K B r )  3500  a n d  3330  (NH2 ) ,
3120  , 1390  a n d  1160  ( S 0 2 0 )  c m- 1 ; 1 H NMR
( CDC13 ) cT  4 . 7 0  ( b r  s ,  2H) , 6 . 4 3 - 8 . 3  (m,  8H) .
Method 2: 2 - A m i n o - 3 - h y d r o x y p y r i d i n e  ( 1 . 5  e q u i v a l e n t s ,
0 . 4 1 8  g ,  3 . 8 0  mmol )  was  c o u p l e d  t o
3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 0 . 6 1 8  g ,  2 . 5 3  
mmol )  a t  - 7 8 ° C  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  t h e  
s y n t h e s i s  o f  9 9 .  The  c r u d e  p r o d u c t  was  p u r i f i e d  by 
c o l u mn  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  1 m e t h y l e n e  c h l o r i d e  : 
0 . 1  e t h y l  a c e t a t e )  t o  y i e l d  7 4 . 2 *  3 ' - ( 2 1- a m i n o ) p y r i d y l
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3 - t r i f l u c r o m e t h y l b e n z e n e s u l f o n a t e  ( 1 0 0 ) ( 0 . 5 9 8  g ,  1 . 8 8  
m m o l ) :  mp 1 1 0 - 1 1 3 ° C ;  IR ( K B r )  3500  a n d  3330  ( NH^) ,
3 1 2 0 ,  1391 a n d  1 1 SC (SOgO)  cm- 1 ; 1 H NMR 
( C D C 1 ) </* 4 . 7 0  ( b r  3 , 2H) , 6 . 4 3 - 8 . 1 3  ( m,  8H) .
R e a c t i o n  o f  3 ' - ( 2 ' - A m i n o ) p y r i d y l  3 - T r i f l u o r o m e t h y l -  
b e n z e n e s u l f o n a t e  ( 1 0 0 )  w i t h  L i t h i u m  D i i s o p r o p y l a m i d e .
3 ' -  ( 2 ' -A mi n o ) p y r  i d y 1 3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  ( 0 . 2 5  
g ,  0 . 7 8  mmol )  wa s  d i s s o l v e d  i n  d r y  THF ( 40mL)  u n d e r  n i t r o g e n  
i n  a n  o v e r - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a 
m a g n e t i c  s t i r r e r  a n d  s e p t u m  c a p .  L i t h i u m  d i i s o p r o p y l a m i d e  
(LDA) ( 3  e q u i v a l e n t s )  was  p r e p a r e d  u n d e r  n i t r o g e n  i n  d r y  THF 
( 5  mL) f r o m  d i i s c p r s p y l a m i n e  ( 0 . 3 3  mL, 2 . 3  mmol )  a n d  
n - b u t y l l i t h i u m  ( 1 . 5  mL o f  a 1 . 6  M s o l u t i o n  i n  h e x a n e ,
1 . 2  mmol )  i n  a n  o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  
w i t h  a  m a g n e t i c  s t i r r e r  a n d  s e p t u m  c a p .  B o t h  s o l u t i o n s  w e r e  
b r o u g h t  t o  - 7 8 ° C  w i t h  Dr y  I c e - a c e t o n e  b a t h s .  The  
s o l u t i o n  o f  LDA wa s  c a n n u l a t e d  i n t o  t h e  s o l u t i o n  o f  
s u l f o n a t e  e s t e r  v i a  a d o u b l e - t i p p e d  n e e d l e .  The  
r e a c t i o n  was  m o n i t o r e d  by  TLC ( m e t h y l e n e  c h l o r i d e )  a n d  a f t e r  
o n e  h o u r  t h e  s o l u t i o n  was  a l l o w e d  t o  war m t o  0°C by 
s w i t c h i n g  t o  an i c e  b a t h .  A f t e r  t wo  h o u r s  a t  0 ° C , t h e  
r e a c t i o n  was  q u e n c h e d  w i t h  10 mL o f  5% a q u e o u s  h y d r o c h l o r i c  
a c i d  s o l u t i o n .  The  s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e ,  w a t e r  ( 1 0  mL) was  a d d e d  a n d  t h e  p r o d u c t  was  
e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  (90 mL) .  The 
c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m
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s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e .  The  c r u d e  s o l i d  wa s  r e c r y s t a l l i z e d  f r o m  c a r b o n  
t e t r a c h l o r i d e  t o  y i e l d  r e c o v e r e d  s t a r t i n g  m a t e r i a l  i n  12. 5% 
y i e l d  ( 0 . 0 3 1 1  g ,  0 . 0 9 8  m m o l ) :  mp 10 9 —1 1 2 ° C ; I R ( KBr )
3500  a n d  3330 ( NH^) ,  3 1 2 0 ,  1390 a n d  1160 ( S 0 2 0)
cm- 1 ; 1 H NMR ( C D C 1 ^  4 . 7 0  ( b r  s ,  2 H ) ,
6 . 4 3 - 8 . 1 3  (m,  8 H ) .  The  a q u e o u s  l a y e r  f r o m  t h e  a b o v e  
e x t r a c t i o n  was  a c i d i f i e d  w i t h  10?  a q u e o u s  h y d r o c h l o r i c  a c i d  
s o l u t i o n  a n d  r e e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  
( 90  mL) .  The c o m b i n e d  e x t r a c t s  w e r e  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The c r u d e  s o l i d  was  r e c r y s t a l l i z e d  f r o m  
c a r b o n  t e t r a c h l o r i d e  t o  y i e l d  5 2 ?  _N-2 ’ - [ (  3 ' - h y d r o x y  ) - 
p y r i d y l ] - 3 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a m i d e  ( 1 0 1 ) ( 0 . 1 3  
g ,  0 . 4 1  mmo l ) :  mp 1 3 6 - 1 3 S ° C ; I R ( KBr )  3485 ( OH) ,  3300 
( NH) ,  3 1 2 0 ,  2 9 2 0 ,  1 6 5 0 ,  1 6 0 0 ,  1 4 9 0 ,  1 3 9 0 ,  1330  and  1150
( S 0 2 N) ,  1 2 0 0 ,  8 0 0 ,  7 4 0 ,  5 9 0 ,  550  cm- 1 ; 1 H NMR
( C D C l ^ ) cT 6 . 5 0 - 8 . 1 3  (m,  9H) ; 1 9 F NMR ( C D C l ^  cT
1 3 . 2 7 .  A n a l .  C a l c d  f o r  C 1 2 Hg ? 3 N2 0 3 S : C,
4 5 . 1 6 ;  H, 2 . 7 0 ;  N, 8 . 5 6 .  F o u n d :  C,  4 5 . 1 9 ;  H, 2 . 7 1 ;  N, 8 . 5 8 .
2 - T r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  C h l o r i d e  ( 1 0 2 ) .
2 - T r i f l u o r o m e t h y l a n i l i n e  ( 4 3 . 4  g ,  0 . 2 6 9  m o l )  was  s u s p e n d e d  
i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 4 2 5  mL) i n  an o v e n - d r i e d ,  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r ,  a 
c o n d e n s e r  and  a n  a d d i t i o n  f u n n e l  r e a c h i n g  c l o s e  t o  t h e  
b o t t o m  o f  t h e  d i a z o t i z i n g  v e s s e l  The  s o l u t i o n  was
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h e a t e d  u n t i l  t h e  h y d r o c h l o r i d e  s a l t  d i s s o l v e d ;  t h e n  t h e  
s o l u t i o n  was  c o o l e d  t o  1 0 ° C .  A s o l u t i o n  o f  s o d i u m  
n i t r i t e  ( 2 3  g )  i n  w a t e r  ( 8 0  mL) was  a d d e d  d r o p w i s e .  The  
t u r b i d  o r a n g e  s o l u t i o n  o f  t h e  d i a z o n i u m  c h l o r i d e  was  
f i l t e r e d ,  a n d  e x c e s s  n i t r o u s  a c i d  wa s  d e s t r o y e d  w i t h  
s u l f a m i c  a c i d  u n t i l  no m o r e  b l u e  c o l o r  wa s  s e e n  on  
s t a r c h - i o d i d e  p a p e r .  T h e  s o l u t i o n  wa s  p o u r e d  i n t o  a g r e e n  
s o l u t i o n  o f  g l a c i a l  a c e t i c  a c i d  ( 1L)  s a t u r a t e d  w i t h  30^  
t o  w h i c h  a s o l u t i o n  o f  C u C l ? ( 8  g )  d i s s o l v e d  i n  w a t e r  
( 6 5  mL) had  b e e n  a d d e d .  As n i t r o g e n  e v o l v e d ,  t h e  s o l u t i o n  
t u r n e d  b l a c k  a n d  t h e n  l i g h t  g r e e n .  A y e l l o w  o i l  s e p a r a t e d  
t o  t h e  b o t t o m  o f  t h e  b e a k e r .  T h e  o i l  was  s e p a r a t e d  i n  a 
s e p a r a t o r y  f u n n e l ,  d i s s o l v e d  i n  e t h e r ,  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  a n d  f i l t e r e d .  T h e  s o l v e n t  was  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  c r u d e  o i l  was  f r a c t i o n a l l y  
d i s t i l l e d  t o  g i v e  53-5%  o f  102  ( 3 5 . 2  g ,  0 . 1 4 4  m o l ) :  bp
9 0 - 9 5 ° C  ( 1 . 8 m m ) ,  ( l i t . 53 bp 1 2 5 ° C ,  5mm);  mp 
2 3 - 2 4 ° C ;  IR ( n e a t ,  NaCl  p l a t e s )  3 0 9 5 ,  3 0 7 5 ,  3 0 2 0 ,  1590 ,
1 4 3 0 ,  1380 ( C F ) ,  1305  a n d  1180 ( S 0 2 C 1 ) ,  1 2 7 0 ,  1 1 4 0 ,
1 0 9 0 ,  1 0 3 0 ,  7 6 0 ,  7 0 0 ,  530  c m " 1 ; 1 H NMR ( C D C l ^  c T
7 . 4 3 - 8 . 6 6  (m,  4 H ) ; 1 3C NMR ( CDC1 ) o T  1 4 1 . 9 2 ,  1 3 5 . 7 3 ,
1 3 3 . 3 4 ,  1 3 1 . 3 0 ,  1 2 8 . 8 8  ( 3 J c p = 6 . 1 8  H z ) ,  1 2 7 . 4 0
( 2 J CF = 3 5 - 15 H z ) ,  1 2 2 . 0 5  ( 1 J CF = 275 H z ) ;
1 9 F NMR (CDC13 ) cT  1 8 . 8 9 .
3 ' - ( 2 ' -Ami n o ) p y r i  d y l  2 - T r i f l u o r o m e t h y l b e n z e n e -  
s u l f o n a t e  ( 1 0 3 ) .  2 - A m i n o - 3 - h y d r o x y p y r i d i n e  ( 1 . 0  g ,  9 . 1
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mmo l )  w a s  c o u p l e d  w i t h  2 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  
c h l o r i d e  ( 2 . 5 7  g ,  9 - 8 8  mmol )  a c c o r d i n g  t o  t h e  m e t h o d  u s e d  
f o r  t h e  s y n t h e s i s  o f  9 7 .  The  c r u d e  p r o d u c t  was  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  f i v e  t i m e s  t o  g i v e  a 35 .5%  y i e l d  
o f  103 ( 1 . 0 3  g ,  3 . 2 3  m m o l ) :  mp 1 1 h - 1 1 5 ° C ; IR ( KBr )
3*490 a n d  3280 (NH ) ,  3 1 3 0 ,  1 6 4 0 ,  1 4 9 0 ,  1 380 a n d  1145 
( S 0 2 0 ) ,  1310  ( C F ) ,  1 2 7 0 ,  1 1 9 0 ,  1 0 9 0 ,  8 1 0 ,  7 6 0 ,  5 9 0 ,  5 7 0 ,
5 50  cm-1 ; 1 H NMR ( CDC1 ) c f  4 . 6 6  ( b r  s , 2H) ,
6 . 4 6 - 8 . 2  (m,  7H) ; 1 3C NMR ( CDC1 ^ ) c f  152 . 18 , 1 4 6 . 7 0 ,
1 3 4 . 8 1 ,  1 3 3 . 8 4 ,  1 3 2 . 8 9 ,  1 3 2 . 5 4 ,  1 3 1 . 8 6 ,  1 3 0 . 4 8 ,  1 2 8 . 9 0  
( 3 J CF = 6 .1 H z ) ,  1 2 7 . 7 3  ( 2 J CF = 31 - 13 H z ) ,
1 2 2 . 2 7  ( 1J Cp=272 Hz ) ,  1 1 3 - 9 3 .  A n a l .  C a l c d  f o r  
C 1 2 H9 F3 N2 0 3 S:  C,  4 5 . 3 0 ;  H, 2 . 8 5 ;  N,
8 . 8 0 .  F o u n d :  C,  4 5 . 7 0 ;  H, 2 . 8 0 ;  N, 8 . 6 4 .
A t t e m p t e d  S y n t h e s i s  o f  N-2  ' - [ ( 3 ' - H y d r o x y ) -  
p y r i d y l d - 2 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a m i d e  ( 1 0 4 ) .  
2 - A m i n o - 3 - h y d r o x y p y r i d i n e  ( 1 . 1  e q u i v a l e n t s ,  1 . 8 5  g ,  0 . 0 1 6 8  
m o l )  wa s  c o u p l e d  t o  2 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n y l  
c h l o r i d e  ( 3 . 7 3  g ,  0 . 0 1 5 3  m o l )  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  
t h e  s y n t h e s i s  o f  9 9 .  The c r u d e  p r o d u c t  was p u r i f i e d  by 
c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  1:1 m e t h y l e n e  c h l o r i d e ,  
e t h y l  a c e t a t e )  a n d  t h e n  a g a i n  by c o l u m n  c h r o m a t o g r a p h y  
( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  t o  g i v e  4 8 . 4 $  y i e l d  o f  
3 ' - ( 2 ' - a m i n o ) p y r i d y l  2 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  
( 1 0 3 )  ( 2 . 3 5  g ,  7 . 4 1  mmo l ) :  mp 1 1 3 - 1 1 5 ° C ; IR ( KBr )
3 4 9 0  a n d  3280 ( NH^) , 31 30 ,  1380 a n d  1145  ( S 0 2 0 ) ,
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1 3 1 0  ( CF)  cm- 1 ; 1 H NMR ( C D C l ^ y *  4 . 6 6  ( b r  s ,
2 H ) ,  6 . 4 6 - 8 . 2  (m,  7H) .
R e a c t i o n  o f  3 ' - ( 2 ’ - A m i n o ) p y r i d y l  2 - T r i f l u o r o m e t h y l -  
b e n z e n e s u l f o n a t e  ( 1 0 3 )  w i t h  n - B u t y l l i t h i u m .
3 ’ -  ( 2  ' - A m i n o ) p y r i d y l  2 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a t e  
( 0 . 0 8 0  g ,  0 . 2 5  mmo l )  wa s  d i s s o l v e d  i n  d r y  THF ( 5 0  mL) u n d e r  
n i t r o g e n  i n  a n  o v e n - d r i e d ,  t h r e e - n e c k e d ,  r o u n d - b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a n d  a s e p t u m  c a p .
r i - B u t y l l  i t h i u m  (3 e q u i v a l e n t s ,  0 . 4 7 mL o f  a 1 . 6  M
s o l u t i o n  i n  h e x a n e ,  1 . 4  mmol )  wa s  i n t r o d u c e d  t o  t h e  f l a s k
v i a  d r y  s y r i n g e .  The  s o l u t i o n  wa s  m o n i t o r e d  by TLC
( e t h y l  a c e t a t e )  w h i c h  s h o w e d  no  mo r e  s t a r t i n g  m a t e r i a l  a f t e r  
o n e  h o u r .  The  r e a c t i o n  was  q u e n c h e d  w i t h  10 mL o f  a 10% 
a q u e o u s  s u l f u r i c  a c i d  s o l u t i o n .  Th e  THF was  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e  a n d  t h e  r e m a i n i n g  w a t e r  was  e x t r a c t e d  t h r e e  
t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  ( 6 0  mL ) . The  c o m b i n e d  o r g a n i c  
l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  
a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  c r u d e  
y e l l o w  o i l  was  p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  
g e l ,  e t h y l  a c e t a t e )  a n d  t h e n  a g a i n  by c o l u m n  c h r o m a t o g r a p h y  
( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  t o  y i e l d  51% o f  
_N-2 ' - [  (3  ' -  h y d r o x y  ) p y r i d y l ] -
2 - t r i f l u o r o m e t h y l b e n z e n e s u l f o n a m i d e  ( 1 0 4 )  ( 0 . 0 4 1  g ,  0 . 1 3  
m m o l ) ,  a s  a v i s c o u s  o i l :  IR ( KBr )  3 3 6 0  (OH) ,  3 2 2 0  ( NH) ,
3 1 2 0 ,  2 9 5 0 ,  2 9 2 0 ,  1 6 3 5 ,  1 5 9 0 ,  1 5 4 0 ,  1 4 2 0 ,  1 3 5 5 ,  1305 a n d  
1130  ( S 0 2 N) ,  1 2 6 0 , 1 1 7 0 ,  1 0 8 0 , 1 0 3 0 , 9 6 0 ,  760  cm- 1 ;
1 00
NMR ( C D C l ^ c / *  6 . 4 5 - 8 . 4 2  (m,  9 H) ; m a s s  s p e c t r u m ,  
m/ e  ( i n t e n s i t y ) ,  318  ( 8 7 ,  M) ,  261 ( 1 1 9 ) ,  201 ( 7 5 ) ,  145  ( 9 5 ) ,  
109 ( 401 ) , 106 ( 3 1 6 )  .
2 *- Am i n o p h en y l  4 - T o l u e n e s u l f o n a t e  ( 1 1 4 ) .
2 - A m i n o p h e n o l  wa s  s u l f o n a t e d  w i t h  4 - t o l u e n e s u l f o n y l  c h l o r i d e  
a n d  t r i e t h y l  a m i n e  i n  d r y  m e t h y l e n e  c h l o r i d e  u n d e r  n i t r o g e n
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a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  L i n d a  Y i l d i z  e x c e p t  t h a t  
i t  was  d o n e  a t  - 7 8 ° C .  The c r u d e  s o l i d  was  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  y i e l d  8 0 . 6 $  114:  mp
9 9 - 1 0 1 °C ( l i t . 65 1 00  - 1 0 1 °C ) ; IR KBr)  3500  a n d  
3 4 0 0  (NH2 ) ,  1 6 1 5 ,  1 4 9 0 ,  1360 a n d  1150 ( S 0 2 0 ) ,  1 3 1 0 ,
1 1 8 5 ,  1 1 7 0 ,  8 7 0 ,  7 9 0 ,  6 5 0 ,  540  cm- 1 ; 1 H NMR 
( CDC13 ) c/ ~  2 . 4 3  ( s ,  3H) , 3 . 8 0  ( b r  s ,  2H) , 6 . 5 6 - 7 . 8 3  (m,
8H)  .
2 ' - F o rm a m i d o p he n y l  4 - T o l u e n e s u l f o n a t e  ( 1 1 5 ) .
47F o l l o w i n g  K r i s h n a m u r t h y ' s p r o c e d u r e ,  t h e  a m i n e  g r o u p  
o f  114 ( 1 0 . 0  g ,  0 . 0 3 7 9  m o l )  was  f o r m y l a t e d  w i t h  a c e t i c  
f o r m i c  a n h y d r i d e  p r e p a r e d  _in s i  t u  f r o m  a c e t i c  
a n h y d r i d e  ( 1 5 . 5  g ,  0 . 1 5 2  m o l )  a n d  f o r m i c  a c i d  ( 6 . 1 2  g ,  0 . 1 3 3  
m o l ) .  The  c r u d e  p r o d u c t  was  r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  
y i e l d  7 9 . 9 $  115 ( 8 . 8 4  g ,  0 . 0 3 0 3  m o l ) :  mp 1 3 0 - 1 3 2 ° C ;
IR ( KBr )  3325  ( NH) ,  3 0 6 5 ,  2 9 3 0 ,  1 680  (C = 0 ) ,  1 5 4 0 ,  1 4 6 0 ,  1380  
a n d  1170  ( S 0 2 0 ) ,  8 7 0 ,  780 cm- 1 ; 1 H NMR
( CDC13 ) cT  2 . 4 6  ( s ,  3H) , 6 . 8 6 - 7 . 8 6  (m,  8H) , 8 . 2 3  a n d  8 . 3 3  
( 2  s ,  2H) . A n a l .  C a l c d  f o r  C 1 ^ H1 ^NO^ S : C,
5 7 . 7 2 ;  H, 4 . 5 0 ;  N, 4 . 8 1 .  F o u n d :  C,  5 7 . 6 2 ;  H, 4 . 5 2 ;  N, 4 . 8 1 .
1 01
( 2 * - M e t h y l a m i n o ) p h e n y l  4 - T o l u e n e s u l f o n a t e  ( 1 1 1 ) .
Me t h o d  1 S u l f o n a t e  e s t e r  115  ( 0 . 6 3 6  g ,  2 . 1 8  
mmol )  wa s  d i s s o l v e d  i n  d r y  THF ( 2 5  mL) u n d e r  n i t r o g e n  i n  an  
o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a  m a g n e t i c  
s t i r r e r ,  s e p t u m  c a p ,  a n d  r e f l u x  c o n d e n s e r .
B o r a n e : t e t r a h y d r o f u r a n  c o m p l e x  ( 2 . 5  e q u i v a l e n t s ,  5 . 4 6  mL, 
2 . 1 8  mmol )  was  a d d e d  v i a  s y r i n g e .  A f t e r  g a s  e v o l u t i o n  
h a d  c e a s e d ,  t h e  f l a s k  wa s  f i t t e d  w i t h  a h e a t i n g  m a n t l e  a n d  
t h e  s o l u t i o n  was  r e f l u x e d  f o r  o n e  h o u r .  The r e a c t i o n  was  
m o n i t o r e d  by  TLC ( m e t h y l e n e  c h l o r i d e ) .  T h e  s o l u t i o n  wa s  
a l l o w e d  t o  c o o l  t o  r o o m t e m p e r a t u r e ,  m e t h a n o l  ( 10  mL) was  
a d d e d  s l o w l y  a n d  t h e  s o l u t i o n  was  s t i r r e d  f o r  o n e - h a l f  h o u r .  
The  s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e ,  m e t h y l e n e  
c h l o r i d e  ( 5 0  mL) wa s  a d d e d  a n d  t h e  s o l u t i o n  was  w a s h e d  t h r e e  
t i m e s  w i t h  w a t e r  ( 60  mL) .  The  o r g a n i c  l a y e r  was  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The c r u d e  p r o d u c t  was  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  7 4 . 111 ( 0 . 4 5 0  g ,
1 . 6 2  mm o l ) :  mp 6 4 - 6 5 ° C  ( l i t . 46 mp 6 6 - 6 7 ° C ) ;  IR
(KBr )  3 4 6 0  ( NH) ,  3 0 8 0 ,  3 0 2 0 ,  1 6 2 5 ,  1 5 3 5 ,  1 3 7 0  a n d  1200
( S 0 2 0 ) ,  1 0 9 5 ,  8 7 5 ,  7 6 0 ,  565 c m " 1 ; 1 H NMR
(CDC1 )oT 2 . 2 6  ( s ,  3H) , 2 . 5 6  ( d ,  3H) , 3 . 9 6  ( b r  s ,  1H) ,
6 . 2 6 - 7 . 7  ( m,  3 H) ;  1 3 C NMR ( CDC1 ) cT 14 5 . 4 1  , 1 4 2 . 1 6 ,
1 3 6 . 8 2 ,  1 3 2 . 7 3 ,  1 2 9 . 6 7 ,  1 2 8 . 4 4 ,  1 2 7 . 9 8 ,  1 2 2 . 1 3 ,  1 1 6 . 0 1 ,  
1 1 1 . 6 6 ,  3 0 . 0 4 ,  2 1 . 6 5 ;  ma s s  s p e c t r u m ,  m / e  ( i n t e n s i t y )  278  ( 4 ,  
M+1) ,  2 7 7  ( 2 5 ,  M) ,  1 55  ( 1 6 9 ) ,  122  ( 1 0 0 0 ) ,  108  ( 1 2 1 ) ,  91
102
( 3 4 0 )  .
Method 2 : ^ - ^ 6 L i t h i u m  a l u m i n u m  h y d r i d e  ( 0 .  28 3 g ,
7 . 5 9  mmo l )  was  p l a c e d  i n  a n  o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a m e c h a n i c a l  s t i r r e r  w i t h  a w a t e r - c o o l e d  
j a c k e t  a d a p t e r ,  a p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l ,  a 
r e f l u x  c o n d e n s e r  a n d  a  n i t r o g e n  i n l e t  a n d  o u t l e t .  Dr y THF 
( 1 5  mL) was  a d d e d  a n d  t h e  s y s t e m  was c o o l e d  t o  0°C w i t h  
a n  i c e  b a t h .  A s o l u t i o n  o f  115  ( 0 . 5 3 8  g ,  1 . 8 5  mmol )  i n  
THF ( 1 5  mL) was  a d d e d  s l o w l y  t o  t h e  m i x t u r e .  Th e  r e a c t i o n  
m i x t u r e  was  s t i r r e d  f o r  t e n  h o u r s  a n d  i t  was  m o n i t o r e d  by 
TLC ( c h l o r o f o r m ) .  T h e  r e a c t i o n  was  q u e n c h e d  w i t h  w a t e r  ( 5  
mL) ,  a f t e r  t wo  h o u r s  d i l u t e  a q u e o u s  s o d i u m  h y d r o x i d e  
s o l u t i o n  ( 1 0  mL) was  a d d e d  a n d  t h e n  a f t e r  t w e n t y  m i n u t e s  o f  
s t i r r i n g ,  mo r e  w a t e r  (5 mL) was  a d d e d .  The m e c h a n i c a l  
s t i r r e r  wa s  s t o p p e d .  A f t e r  t e n  m i n u t e s ,  t h e  r e a c t i o n  
m i x t u r e  was  f i l t e r e d ,  a n d  t h e  s o l i d  was  w a s h e d  w i t h  e t h e r .  
T h e  s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  an  
o i l .  The  o i l  was  d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e ,  w a s h e d  
w i t h  1 0 ?  a q u e o u s  h y d r o c h l o r i c  a c i d  s o l u t i o n  ( 3 0  m L ) . T h e  
a q u e o u s  l a y e r  was  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e  (30 mL) 
a n d  t h e  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  c r u d e  m a t e r i a l  was  p u r i f i e d  by c o l u m n  
c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  t o  y i e l d  
2 0 . 9 ?  o f  111 ( 0 . 1 0 7  g ,  0 . 3 8 6  mmo l ) :  mp 64 - 6 5 ° C  
( l i t . 46 mp 6 6 - 6  7 ° C ) ; I R ( KBr )  3460 ( NH) ,  1 370 a n d
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1200  ( S 0 2 0)  cm- 1 ; 1 H NMR ( CDC13 ) cT  2 . 2 6  ( s  ,
3 H) ,  2 . 5 6  ( d ,  3 H ) ,  3 . 9 6  ( b r  s ,  1 H) ,  6 . 2 6 - 7 . 7  (m,  8 H ) ;  a n d  
6 9 . 6 ?  y i e l d  o f
N - m e t h y l - N - ( 2 ’ - h y d r o x y p h e n y l ) - 4 - t o l u e n e s u l f o n a m i d e  
(112) ( 0 . 3 5 7  g ,  1 . 2 9  m m o l ) :  mp 1 2 2 . 5 - 1 2 4 ° C  
( l i t . 46 mp 1 25 - 1 26° C ) ; IR ( K B r )  3480 ( OH) ,  3 0 5 5 ,
3 0 0 5 ,  2 9 6 0 ,  2 9 4 0 ,  1 6 0 0 ,  1 5 0 0 ,  1 4 6 0 ,  1 3 3 5  a n d  1 1 5 0
( S 0 2 N) ,  1 1 9 5 ,  1 0 9 0 ,  81 0 ,  760 c m- 1 ; 1 H NMR
(CDC1 ) <r 2 . 4 3  ( s ,  3H) , 3 . 1 6  ( s ,  3H) , 6 . 3 5 - 7 . 6 3  (m,  9H) ;
1 3C NMR ( CDC13 ) cT  1 5 3 - 7 9 ,  1 4 4 . 3 7 ,  1 3 2 . 2 7 ,  1 2 9 . 6 7 ,
1 2 9 . 5 1 ,  1 2 8 . 4 4 ,  1 2 8 . 3 4 ,  1 2 6 . 0 6 ,  1 2 0 . 3 7 ,  1 1 7 . 6 4 ,  3 9 . 3 4 ,
2 1 . 5 9 ;  ma s s  s p e c t r u m ,  m / e  ( i n t e n s i t y )  278 ( 1 5 ,  M+1) ,  277  
( 7 1 ,  M) ,  123  ( 9 5 ) ,  122  ( 1 0 0 0 ) ,  94 ( 2 0 2 ) ,  91 ( 8 0 ) .
Reaction of 111 with Lithium Diisopropylamide at 
-78°C. S u l f o n a t e  e s t e r  (111) ( 0 . 3 1 6  g ,  1 . 1 4
mmol )  wa s  d i s s o l v e d  i n  d r y  THF ( 3 0  mL) u n d e r  n i t r o g e n  i n  an  
o v e n - d r i e d ,  t h r e e - n e c k e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  
a m a g n e t i c  s t i r r e r ,  s e p t u m  c a p  a n d  a n i t r o g e n  i n l e t  a n d  
o u t l e t .  L i t h i u m  d i i s o p r o p y l a m i d e  (3 e q u i v a l e n t s )  was  
p r e p a r e d  i n  d r y  THF ( 2 0  mL) u n d e r  n i t r o g e n  f r o m  
d i  i  s o p r  opy  1 ami  n e  ( 0 . 6 5  mL, 4 . 5  mmol )  a n d  _ n - b u t y l  1 i  t h i  um 
( 2 . 1  mL o f  a 1 . 6  M s o l u t i o n  i n  h e x a n e ,  3 - 4  mmol )  i n  a n  
o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r  a n d  s e p t u m  c a p .  B o t h  s o l u t i o n s  w e r e  b r o u g h t  t o  
- 7 8 ° C  w i t h  Dry I c e - a c e t o n e  b a t h s .  The s o l u t i o n  o f  LDA 
was  c a n n u l a t e d  i n t o  t h e  s o l u t i o n  o f  s u l f o n a t e  e s t e r  v i a
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a  d o u b l e - t i p p e d  n e e d l e .  T h e  r e a c t i o n  wa s  m o n i t o r e d  by TLC 
( m e t h y l e n e  c h l o r i d e ) .  The  s o l u t i o n  was  q u e n c h e d  a f t e r  o n e  
h o u r  w i t h  1 0 $  a q u e o u s  h y d r o c h l o r i c  a c i d  s o l u t i o n  ( 5  m L ) .
The  s o l u t i o n  was  a l l o w e d  t o  warm t o  r o o m t e m p e r a t u r e  a n d  t h e  
THF was  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  Th e  r e m a i n i n g  
a q u e o u s  m i x t u r e  wa s  e x t r a c t e d  t h r e e  t i m e s  w i t h  e t h y l  a c e t a t e  
( 1 5 0  m L ) . The  c o m b i n e d  e x t r a c t s  w e r e  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  T h e  c r u d e  p r o d u c t  wa s  p u r i f i e d  by  c o l u m n  
c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  t o  y i e l d  
8 0 . 5 $  r e c o v e r e d  s t a r t i n g  m a t e r i a l  ( 0 . 2 5 5  g ,  0 . 9 1 9  m m o l ) :  mp 
64 - 6 5 ° C ; IR ( KBr )  3460  ( NH) ,  1 370 a n d  1200  ( S 0 2 0)  
cm-1 ; 1 H NMR ( CDC13 ) cT  2.  26 ( s  , 3H) , 2 . 5 6  ( d  ,
3 H ) , 3 . 9 6  ( b r  s ,  1 H ) ,  6 . 2 6 - 7 . 7  (m,  8 H ) ;  and  4 . 5 5 $  y i e l d  o f  
1 1 2  ( 0 . 0 1 4 4  g ,  0 . 0 5 1 9  m m o l ) :  mp 1 1 9 - 1 2 1 ° C ;  I R ( KBr )
3480  ( OH) ,  1335 a n d  1150  ( S 0 2 N) cm- 1 ; 1 H NMR
( CDC13 ) <r 2 . 4 3  ( s ,  3H) , 3 . 1 6  ( s ,  3H) , 6 . 3 5 - 7 . 6  (m,  9H) .
Reaction of 111 with Lithium Diisopropylamide at 
Room Temperature. The  p r o c e d u r e  was  t h e  s a me  a s  f o r  t h e  
r e a c t i o n  a t  - 7 8 ° C  e x c e p t  t h a t  111 ( 0 . 2 9 6  g ,  1 . 0 7  
mmol )  wa s  d i s s o l v e d  i n  d r y  THF ( 3 0  mL) a n d  t r e a t e d  w i t h  LDA 
( t h r e e  e q u i v a l e n t s )  a t  r oom t e m p e r a t u r e .  A f t e r  o n e  h o u r  t h e  
r e a c t i o n  was  q u e n c h e d  w i t h  1 0$  a q u e o u s  h y d r o c h l o r i c  a c i d  
s o l u t i o n  (2 mL) a n d  t h e  THF was  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e .  T h e  r e m a i n i n g  a q u e o u s  m i x t u r e  was  e x t r a c t e d  t h r e e  
t i m e s  w i t h  e t h y l  a c e t a t e  (60 m L ) . The  c o m b i n e d  o r g a n i c
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l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  
a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  c r u d e  
m a t e r i a l  was  p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  
m e t h y l e n e  c h l o r i d e )  t o  y i e l d  4 3 . 8 ?  r e a r r a n g e d  p r o d u c t  
112 ( 0 . 1 3 0  g ,  0 . 4 6 8  mmo l ) :  mp 1 2 2 - 1 2 3 ° C  ( l i t . 46 
mp 1 2 5 - 1 2 6 ° C ) ;  IR ( K B r )  3480  ( OH) ,  1335 a n d  1150  
( S 0 2 N) c m " 1 ; 1 H NMR ( C D C 1 ) qT  2 . 4 3  ( s ,  3H) ,
3 . 1 6  ( s ,  3 H ) , 6 . 3 5 - 7 . 6 3  (m,  9 H ) .
4-d^-Toluenesulfonyl Chloride (116). 
d g - T o l u e n e  ( 2 . 5 2  g ,  0 . 0 2 5 1  m o l ,  A l d r i c h )  was  
c h l o r o s u l f o n a t e d  w i t h  c h l o r o s u l f o n i c  a c i d  ( 5 . 4  e q u i v a l e n t s ,
11 mL, 0 . 1 3  m o l )  i n  c h l o r o f o r m  a t  - 5 6 ° C  u n d e r  n i t r o g e n  
a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  C l a r k e ,  B a b c o c k  a n d  
M u r r a y . 63 The  r e a c t i o n  was  q u e n c h e d  by p o u r i n g  i n t o  
c r u s h e d  i c e ,  a n d  t h e  p r o d u c t  was  e x t r a c t e d  a n d  
r e c r y s t a l l i z e d  f r o m  h e x a n e  t o  y i e l d  63?  116  ( 3 . 1  g ,
0 . 0 1 6  m o l ) :  mp 6 6 - 6 7 ° C  ( l i t . 64 mp 6 7 - 6 8 ° C ) ;  IR
( K B r )  3 0 4 0 ,  1570 ( C D ) ,  1360 a n d  1170 ( S 0 2 C 1 ) ,  1 0 7 0 ,  7 5 0 ,
61 0 ,  5 4 5 ,  51 0 c m " 1 ; 1 3C NMR ( CDCl g )  c f  1 4 6 . 7 7 ,
1 4 1 . 7 0 ,  1 3 0 . 2 6 ,  1 2 7 . 0 0 ,  2 1 . 3 9  ( 1J CD= 1 9 . 5 4  Hz,  
s e p t e t ) ;  ma s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  198  ( 2 4 ,  M+1) ,  197  
( 6 0 ,  M) ,  196 ( 9 3 ) ,  195 ( 1 0 7 ) ,  194 ( 7 8 ) ,  193 ( 2 1 ) ,  162 ( 7 2 ) ,  
161 ( 2 1 0 ) ,  160  ( 3 3 6 ) ,  159 ( 2 4 2 ) ,  158  ( 7 2 ) .
2*-(Formyl)phenyl 4-Toluenesulfonate. T h i s  
s u l f o n a t e  e s t e r  was  p r e p a r e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  
t h e  n o n - d e u t e r a t e d  a n a l o g  148 e x c e p t  t h a t
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s a l i c y l a l d e h y d e  ( 2  e q u i v a l e n t s ,  0 . 5 4  mL, 5 . 1  mmol )  was
c o u p l e d  t o  4 - d ^ - t o l u e n e s u l f o n y l  c h l o r i d e  ( 0 . 5 0 1  g ,  2 . 5 3
m m o l ) .  E x c e s s  s a l i c y l a l d e h y d e  was  r e m o v e d  a t  t h e  e n d  o f  t h e  
r e a c t i o n  by k u g e l r o h r  d i s t i l l a t i o n .  The  c r u d e  p r o d u c t  was
r e c r y s t a l l i z e d  f r o m  c y c l o h e x a n e  t o  y i e l d  6 1 . 7% of
2 ' - ( f o r m y l ) p h e n y l  4 - t o l u e n e s u l f o n a t e  ( 0 . 4 4 3  g ,  1 . 5 6  mmo l ) :  
mp 61° C ( l i t . 61 mp 63 - 6 4 ° C ) ;  1 H NMR 
( CDC13 )</* 7 . 1 2 - 7 . 9 5  ( m,  6 . 7 5 H ) ,  1 0 . 0 3  ( s ,  1 H) ; 1 3C 
NMR ( CDC13 ) / '  1 8 7 . 2 9 ,  1 5 1 . 2 6 ,  1 4 6 . 2 5 ,  1 3 5 . 3 3 ,  1 3 1 - 3 6 ,
1 3 0 . 1 3 ,  1 2 9 . 3 5 ,  1 2 8 . 7 0 ,  1 2 8 . 5 0 ,  1 2 7 . 5 3 ,  1 2 3 . 7 5 ;  ma s s  
s p e c t r u m ,  m/ e  ( i n t e n s i t y )  284 ( 1 5 ,  M + 1 ) ,  283 ( 36,  M) ,  282  
( 6 2 ) ,  281 ( 6 9 ) ,  2 8 0  ( 1 7 2 ) ,  2 7 9  ( 1 5 2 ) ,  162  ( 1 2 9 ) ,  161 ( 2 9 4 ) ,
1 60 ( 3 4 7 )  , 159 ( 2 9 0 )  , 158 ( 1 2 5 )  .
(2'-Aminophenyl) 4-d^-Toluenesulfonate (117).
S u l f o n a t e  e s t e r  1 1 7  wa s  p r e p a r e d  a c c o r d i n g  t o  t h e
7p r o c e d u r e  o f  Y i l d i z  e x c e p t  t h a t  2 - a m i  n o p h e n o l  (2 
e q u i v a l e n t s ,  0 . 5 0 4  g ,  4 . 6 2  mmol )  wa s  c o u p l e d  t o  
4 - d ^ . - t o l u e n e s u l f o n y l  c h l o r i d e  ( 0 . 4 5 7  g ,  2 . 3 1  mmol )  a t  
- 7 8 ° C .  The  c r u d e  p r o d u c t  was  r e c r y s t a l l i z e d  f r o m  
e t h a n o l  t w i c e  t o  y i e l d  17 . 7% 117 ( 0 . 2 2 1  g ,  0 . 8 1 8  mmo l ) :  
mp 1 0 0 - 1 0 1 ° C  ( l i t . 65 mp 1 00  -1 01 °C ) ; 1 H NMR 
( CDC13 ) cT 3 . 7 6  ( b r  s ,  2H) , 6 . 5 3  -7 . 83 (m,  8H) ; 1 3C 
NMR ( CDC13 ) cT  1 3 9 . 7 5 ,  1 3 7 . 0 2 ,  1 2 9 . 8 0 ,  1 2 8 . 4 4 ,  1 2 7 . 7 9 ,
1 2 2 . 9 1 ,  1 1 8 . 2 9 ,  1 1 7 . 1 8 ;  m a s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  271 
( 6 ,  M+ 1 ) ,  270 ( 2 2 ,  M) ,  269  ( 1 2 2 ) ,  268  ( 1 7 1 ) ,  267 ( 1 6 7 ) ,  266 
(1 5 ) ,  1 0 8  (1 0 0 0 ) .
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<* . <* , °i - d ^ - T o l u e n e  ( 1 1 8 ) .  B e n z o t r i c h l o r i d e  
( 6 7 . 2  mL, 0 . 4 7 4  m o l )  wa s  r e d u c e d  w i t h  z i n c  a n d  a c e t i c  
a c i d - d 1 ( 1 4 5  g ,  2 . 3 7  m o l ,  p r e p a r e d  by h y d r o l y s i s  o f  
a c e t y l  c h l o r i d e  [ f r e s h l y  d i s t i l l e d  f r o m  d i m e t h y l a n i l i n e ]  
w i t h  d e u t e r i u m  o x i d e )  t o  1 18  i n  12% y i e l d  ( 5 . 3  g» 0 . 0 5 6  
m o l )  by t h e  m e t h o d  o f  R e n a u d  a n d  L e i t c h : 49 bp  1 10°C 
( l i t . 49 1 1 0 0 C ) ;  1 H NMR ( CDC13 ) c ^ 2 . 3  ( b r  s ,
0 . 3 7 H ) ,  7 . 2  ( s ,  5 H ) ;  m a s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y ) ,  96 ( 7 6 ,  
M+ 1 ) ,  95 ( 1 0 0 0 ,  M) ,  94 ( 8 4 6 ) ,  93 ( 6 5 6 ) ,  92 ( 2 1 4 ) ,  91 ( 7 6 ) .
4 - d ^ - M e t h y l b e n z e n e s u l f o n y l  C h l o r i d e  ( 1 1 9 ) .  <* , <* »
c K - d ^ - T o l u e n e  ( 2 . 8 3  g ,  0 . 0 2 9 8  m o l )  was  c h l o r o s u l f o n a t e d  
w i t h  c h l o r o s u l f o n i c  a c i d  ( 8  e q u i v a l e n t s ,  20 mL, 0 . 2 4  m o l )  i n  
c h l o r o f o r m  ( 2 5  mL) u n d e r  n i t r o g e n  a t  0°C a c c o r d i n g  t o  
t h e  m e t h o d  o f  C l a r k e ,  B a b c o c k  a n d  M u r r a y . 6 ^ x h e 
r e a c t i o n  wa s  q u e n c h e d  by p o u r i n g  i n t o  c r u s h e d  i c e .  The  
c r u d e  p r o d u c t  was  r e c r y s t a l l i z e d  f r o m  h e x a n e  t o  y i e l d  2 6 . 0 % 
119  ( 1 . 5 0  g ,  7 . 7 5  m m o l ) :  mp 6 5 . 5 - 6 7 ° C  ( l i t . 64 mp 
6 7 - 6 8 ° C ) ; IR ( K B r ) 3 0 8 0 ,  3 0 4 0 ,  1580 ( CD) ,  1 370 a n d  1170 
( S 0 2 C 1 ) ,  1 0 7 0 ,  8 8 0 ,  7 7 0 ,  6 1 5 ,  5 5 0 ,  510  cm- 1 ; 1 H 
NMR ( CDC13 ) cT 2.  43 ( b r  s ,  0 .  4 H) , 7 . 3 3 - 8 . 0 1  (m,  4H) ;
1 3C NMR ( CDC13 ) qT  1 4 6 .  61 , 1 4 1 . 8 3 ,  1 3 0 . 2 2 ,  1 2 7 . 0 7 ;  
m a s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  195  ( 5 5 ,  M+2) ,  194  ( 3 2 ,  M+1) ,  
193 ( 1 5 7 ,  M) ,  192 ( 1 7 1 ) ,  191 ( 2 0 ) ,  160 ( 2 1 ) ,  159 ( 1 7 2 ) ,  158
( 3 9 4 ) ,  157  ( 1 2 1 ) ,  156  ( 5 6 ) ,  155  ( 1 3 ) .  94 ( 1 0 0 0 ) ,  93 ( 3 2 3 ) ,
92 ( 1 76 ) , 91 ( 67 )  .
( 2 ' -& 2 ~ M e t h y l a m i  n o ) p h e n y l  4 - T o l u e n e s u l f o n a t e
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(123)• S u l f o n a t e  e s t e r  (123) wa s  p r e p a r e d  a c c o r d i n g  
t o  t h e  p r o c e d u r e  f o r  t h e  s y n t h e s i s  o f  t h e  n o n d e u t e r a t e d  
a n a l o g  111 e x c e p t  t h a t  BD^: THF c o m p l e x  was  u s e d ,
1 1 B NMR s h o we d  t h e  r e a g e n t  was  0 . 4 3  M c o n c e n t r a t i o n ) .
The  s u l f o n a t e  e s t e r  115 ( 0 . 0 8 4 2  g ,  0 . 2 8 9  mmol )  was  
r e d u c e d  a t  r oom t e m p e r a t u r e  a n d  t h e  c r u d e  p r o d u c t  was  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  y i e l d  62$ 1 2 3  ( 0 . 0 5 0  g ,
0 . 1 8  m m o l ) :  mp 6 2 ° C ( 1 i t . ^  mp 6 6 - 6 7 ° C ) ;  IR 
( KB r ) 3 4 3 0  ( NH) ,  3 0 4 0 ,  3 0 2 0 ,  2 9 6 0 ,  2 9 0 0 ,  1 6 1 0 ,  1 5 1 0 ,  1355  
a n d  1190 ( S 0 2 0 ) ,  1 1 5 0 ,  1 0 7 5 ,  8 6 5 ,  7 4 0 ,  5 55  c m " 1 ;
1 H NMR ( C D C1 ^ ) cT  2 . 3 5  (s, 3H) , 2 ,  60 ( s ,  1 H ) ,  3 - 9 0  
( b r  s ,  1 H) ,  6 . 5 - 7 . 8  (m,  8 H ) ;  m a s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  
280 ( 1 9 ,  M+1) ,  279  ( 1 0 0 ,  M) ,  278  ( 1 1 2 ) ,  277  ( 1 6 6 ) ,  124 
( 7 8 3 ) ,  123  ( 1 0 0 0 ) ,  1 22 ( 3 1 5 ) .
2 ' -Aminophenyl 4-d^-Methylbenzenesulfonate
(120) . S u l f o n a t e  e s t e r  120 wa s  p r e p a r e d  a c c o r d i n g
7
t o  t h e  p r o c e d u r e  f o r  t h e  n o n d e u t e r a t e d  a n a l o g  114 
e x c e p t  t h a t  2 - ami  n o p h e n o l  ( 2  e q u i v a l e n t s )  wa s  c o u p l e d  w i t h
4 - d 2 ~ m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 0 . 0 6 7 1  g ,  0 . 3 4 8  
mmol )  a t  - 7 8 ° C .  The  c r u d e  p r o d u c t  was  p u r i f i e d  by 
c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  a n d  
t h e n  r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  y i e l d  9 2 . 3 $  o f  120 
( 0 . 0 8 5 4  g ,  0 . 3 2 1  m m o l ) :  mp 1 0 0 - 1 0 1 ° C  ( l i t . 65 mp
1 0 0 - 1 0 1 °C ) ;  IR ( K B r )  3500 a n d  3 4 1 0  ( NH^) , 3 0 8 0 ,
2 9 4 0 ,  2 8 8 0 ,  1950 ( C D ) ,  1 6 2 0 ,  1 4 9 0 ,  1360 a n d  1150 ( S 0 2 0 ) ,  
1 3 1 5 ,  1 1 8 5 ,  1 1 7 0 ,  8 7 0 ,  7 9 0 ,  6 5 0 ,  540  c m " 1 ; 1 H NMR
1 09
( C D C l ^ ) c/" 2 . 4 0  ( b r  5 ,  0 . 6 6 H ) ,  3 - 7 7  ( b r  s ,  2H) , 6 . 5 3 - 7 . 8 2  
( m , 8 H) ; 1 3C NMR ( C D C l ^  cT 1 45 . 41 , 1 4 2 . 4 9 ,  1 37 .  0 9 ,
1 3 2 . 8 6 ,  1 2 9 . 8 0 ,  1 2 8 . 5 7 ,  1 2 7 . 7 9 ,  1 2 2 . 9 8 ,  1 1 8 . 2 9 ,  1 1 7 . 1 9 ;  m a s s  
s p e c t r u m ,  m / e  ( i n t e n s i t y )  267  ( 5 ,  M+1 ) ,  266  ( 3 4 ,  M) ,  265 
( 8 ) ,  158  ( 5 ) ,  108  ( 1 0 0 0 ) ,  94 ( 9 4 ) ,  93 ( 1 6 6 ) ,  92 ( 1 9 ) ,  91 
( 1 2 )  .
(2’-d^-Methylami no)phenyl 4-d^-Methyl benzene- 
sulfonate ( 1 2 2 ) .  2 ' - d ^ - F o r m a m i d o p h e n y l
4 - d ^ - m e t h y l b e n z e n e s u l f o n a t e  ( 1 2 1 ) was  p r e p a r e d  f i r s t  
a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  t h e  n o n d e u t e r a t e d  a n a l o g  
115 e x c e p t  t h a t  1 20  ( 0 . 0 7 8 9  g ,  0 . 2 9 6 5  mmol )  was  
f o r m y l a t e d  w i t h  a c e t i c  d ^ - f o r m i c  a n h y d r i d e  ( p r e p a r e d  
f r o m  a c e t i c  a n h y d r i d e  [ f r e s h l y  d i s t i l l e d  f r o m  
d i m e t h y l a n i 1 i n e ]  a n d  d ^ - f o r m i c  a c i d  [ C h e m i c a l  D y n a m i c s  
C o r p . ] ) .  The  c r u d e  p r o d u c t  wa s  r e c r y s t a l l i z e d  f r o m  e t h a n o l :
1 H NMR ( CDC13 ) c f  2 . 4 6  ( b r  s ,  0 . 2 9 H ) ,  6 . 8 6  - 7  . 86 (m,
8 H ) ,  8 . 2 3  and  8 . 3 3  ( 2  s ,  1 . 1 H ) .  The  c r y s t a l s  a n d  r e s i d u e  
f r o m  t h e  m o t h e r  l i q u o r  w e r e  c o m b i n e d  a n d  d i s s o l v e d  i n  d r y  
THF a n d  w e r e  r e d u c e d  w i t h  BD^i THF ( 2 . 5  e q u i v a l e n t s ,
0 . 7 4 1  mmol )  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  t h e  n o n d e u t e r a t e d  
a n a l o g  1 1 1 .  The c r u d e  p r o d u c t  was  p u r i f i e d  by c o l u m n  
c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  t o  y i e l d  
4 2 . 8 $  122  ( 0 . 0 3 5 9  g ,  0 . 1 2 7  m m o l ) :  mp 6 3 - 6 4 ° C  
(1 i  t . 1+6 mp 6 6 - 6 7 ° C ) ;  IR ( KBr )  3460 ( NH) ,  1950 ( C D ) ,
1 6 2 0 ,  1 5 2 0 ,  1365 a n d  1185 ( S 0 2 0 ) ,  1 1 6 0 ,  1 0 9 0 ,  3 7 0 ,  7 5 0 ,
550 c m- 1 ; 1 H NMR ( C D C l ^ c f  2 . 2 6  a n d  2 . 5 6  ( 2  s ,
110
1 . 3 8 H ) ,  3 . 9 6  ( b r  s ,  1 H) , 6 . 2 6 - 7 . 7  ( m,  8H) ; 1 3C NMR 
( CDC13 ) <T 1 4 5 . 3 4 ,  1 4 2 . 2 3 ,  1 3 6 . 8 3 ,  1 3 2 . 7 9 ,  1 2 9 . 6 7 ,
1 2 8 . 8 9 ,  1 2 7 . 9 8 ,  1 2 2 . 1 3 ,  1 1 6 . 0 2 ,  1 1 1 . 6 6 ,  2 9 . 6 6 ;  ma s s  
s p e c t r u m ,  m / e  ( i n t e n s i t y )  284 ( 1 4 ,  M+ 1 ) ,  283 ( 5 1 ,  M) ,  282 
( 6 7 ) ,  251 ( 1 5 3 ) ,  2 3 0  ( 1 1 ) ,  158  ( 1 6 ) ,  125  ( 7 9 1 ) ,  124 ( 1 0 0 0 ) ,  
123 ( 3 5 - ) ,  122 ( 2 0 ) ,  94 ( 1 4 6 ) ,  93 ( 5 3 ) ,  92 ( 1 6 6 ) ,  91 ( 1 9 ) .
C r o s s o v e r  r e a c t i o n  o f  111 and 122  w i t h  L i t h i u m  
D i i s o p r o p y l a m i d e . E q u i m o l a r  a m o u n t s  o f  s u l f o n a t e  e s t e r s  
1 1 1  ( 0 . C 2 1 2  g ,  0 . 0 7 6 5  mmol )  a n d  122 ( 0 . 0 2 2 6  g ,
0 . 0 7 9 8  mmol )  w e r e  d i s s o l v e d  i n  d r y  THF ( 5 0  mL) i n  an
o v e n - d r i e d ,  t h r e e - n e c k e d , r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h
a m a g n e t i c  s t i r r e r ,  a  s e p t u m  c a p  a n d  a n i t r o g e n  i n l e t  a n d
o u t l e t .  L i t h i u m  d i i s o p r o o y l a m i d e  (3 e q u i v a l e n t s ,  0 . 4 8  mmol )
was  p r e p a r e d  i n  d r y  THF ( 2 0  mL) u n d e r  n i t r o g e n  f r o m
d i i s o p r c p y l a m i n e  ( 0 . 0 9 0  mL, 0 . 6 4  mmol )  a n d
n - b u t y l 1 i t h i u r n  ( 0 . 3 0  mL o f  a 1 . 6  M s o l u t i o n  i n  h e x a n e ,
0 . 4 8  mmol )  i n  a n  o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  
w i t h  a m a g n e t i c  s t i r r e r  a n d  a s e p t u m  c a p .  The  s o l u t i o n  o f
LDA wa s  c a n n u l a t e d  i n t o  t h e  s o l u t i o n  o f  s u l f o n a t e  e s t e r s
v i a  a  d o u b l e - t i p p e d  n e e d l e .  The  r e a c t i o n  was  m o n i t o r e d  
by TLC ( m e t h y l e n e  c h l o r i d e ) .  A f t e r  o n e  h o u r  t h e  r e a c t i o n  
was  q u e n c h e d  w i t h  10?  a q u e o u s  s u l f u r i c  a c i d  s o l u t i o n .  The 
s o l v e n t  was  r e m o v e d  a n d  o n e  r e m a i n i n g  a q u e o u s  m i x t u r e  was  
e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  (60 mL) .  The 
c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  
s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d
1 1 1
p r e s s u r e .  Th e  c r u d e  m a t e r i a l  was  p u r i f i e d  by c o l u mn  
c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  t o  y i e l d  
5 4 . 0% o f  t h e  r e a r r a n g e d  p r o d u c t  ( 0 . 0 2 3 6  g ) :  mp 1 2 1 - 1 2 2 °C 
(mp o f  1 12: 1 2 5 - 1 2 6 ° C ) ;  IR ( K B r )  3480 ( OH) ,  3 0 6 0 ,
3 0 0 5 ,  2 9 7 0 ,  2 9 4 0 ,  1 6 0 0 ,  1 5 0 0 ,  1 4 6 0 ,  1 3 3 5  and  1145
( S 0 2 N) ,  11 95,  1 0 9 0 ,  81 5,  760 c m " 1 ; 1 H NMR
( CDC13 ) cT  2 . 4 3  ( s ,  1 . 5 H ) ,  3 . 1 6  ( s ,  1 . 5 H ) ,  6 . 3 5 - 7 . 6 3  ( m,
9 H ) ; 1 3 C NMR ( CDC13 ) </" 1 53 . 77 , 1 4 4 . 3 4 ,  1 3 2 . 2 8 ,
1 2 9 . 6 4 ,  12 9 . 5 1 ,  1 2 8 . 3 4 ,  1 2 8 . 0 8 ,  1 2 6 . 0 3 ,  1 2 0 . 3 8 ,  1 1 7 . 6 4 ,
3 9 . 3 2 ,  2 1 . 5 9 ;  ma s s  s p e c t r u m ,  m / e  ( i n t e n s i t y )  284 ( 1 5 ) ,  283 
( 7 2 ) ,  2 8 2  ( 9 3 ) ,  281 ( 5 3 ) ,  280  ( 2 0 ) ,  2 7 9  ( 1 6 ) ,  2 7 3  ( 1 1 7 ) ,  277  
( 1 4 2 )  .
C ar ba mi d i c  A c i d ,  N, N *- d i c y c l o h e x y l  m e t h y l  e s t e r
SO( 1 3 4 ) .  E q u i m o l a r  a m o u n t s  o f  N , N ' - d i  c y c l o h e x y l  
c a r b o d i i m i d e  ( 1 4 . 4  g ,  0 . 1 2 5  m o l )  a n d  a b s o l u t e  m e t h a n o l  ( 2 . 8 2  
mL, 0 . 1 2 5  m o l )  w e r e  c o m b i n e d  w i t h  a s m a l l  a mo u n t  o f  Cu Cl
( 0 . 0 1 4  g ,  0 . 1 4  m m o l ) ,  a n d  t h e  m i x t u r e  was  s t i r r e d  f o r  72
h o u r s  a t  r oom t e m p e r a t u r e .  The  p r o d u c t  was  f r a c t i o n a l l y  
d i s t i l l e d  t o  g i v e  9 3 . 7% y i e l d  o f  134 ( 1 5 . 5  g ,  0 . 0 6 5 2  
m o l ) :  bp 1 1 0 ° C ,  3mm; mp 3 2 - 3 3 ° C  ( l i t . 50 mp 
3 2 - 3 3 ° C ) ;  IR ( n e a t ,  NaCl  p l a t e s )  3435  ( NH) ,  2 9 3 0 ,  2 8 6 0 ,
1 6 5 5 ,  1 330 c m " 1 ; 1 H NMR ( C D C l ^  cT  1 . 2 5 - 1 . 6 5  (m,
2 2 H ) , 2 . 7 5  ( b r  s ,  1 H ) , 3 - 6 5  ( s ,  3 H ) .
1 1 2
2 - A m i n o t h i o a n i s o l e  ( 1 3 5 ) .
5 6Method 1: E q u i v a l e n t  a m o u n t s  o f  2 - a m i n o -
t h i o p h e n o l  ( 4 . 7 4  g ,  0 . 0 3 7 9  m o l )  a n d  c a r b a m i d i c  a c i d ,
N , N’ - d i e y e l o h e x y l m e t h y l  e s t e r  ( 1 3 4 )  ( 9 . 0 3  g ,  0 . 0 3 7 9  m o l )  
w e r e  h e a t e d  t o g e t h e r  i n  b e n z e n e  ( 50 mL) a t  8 0° C f o r  t wo  
h o u r s .  T h e  s o l u t i o n  wa s  a l l o w e d  t o  c o o l  t o  r oom t e m p e r a t u r e  
a n d  t h e  N , N ' - d i e y e  1 o h e x y l u r e a  was  s u c t i o n  f i l t e r e d  a n d  
w a s h e d  w i t h  m e t h y l e n e  c h l o r i d e .  T h e  s o l v e n t  was  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  c r u d e  o i l  p u r i f i e d  by 
f r a c t i o n a l  d i s t i l l a t i o n  t o  y i e l d  9 3 . 4 % o f  135 ( 4 . 9 2  g ,
0 . 0 3 5 4  m o l ) :  bp 6 4 ° C ,  0 . 2mm ( l i t . 57 bp 1 3 3 ° C ,
15mm) ;  I R ( n e a t ,  NaCl  p l a t e s )  3460 a n d  3370 ( NH^) ,  3 0 7 5 ,
3 0 2 5 ,  3 0 0 0 ,  2 9 3 0 ,  1 6 1 5 ,  1 4 9 0 ,  1 4 5 5 ,  1 3 1 0 , 750  cm- 1 ;
1 H NMR ( CDC13 ) cT  2 . 3 1  ( s , 3 H ) ,  4 . 1 3  ( b r  s ,  2 H) ,
6 . 6 - 7 . 5  (m,  4 H ) .
5 flMethod 2: 2- Ami  n o t h i  o p ’n e n o l  ( 3 2 . 2 7  g ,  0 . 2 5 3  mo l )
was  d i s s o l v e d  i n  m e t h a n o l  ( 1 0 0  mL) a n d  s o d i u m  ( 5  g ) ,  f r e s h l y  
c u t  i n t o  s m a l l  p i e c e s ,  was  a d d e d  g r a d u a l l y .  M e t h y l  i o d i d e  
( 9 . 6 5  mL, 0 . 1 5 5  m o l )  was  a d d e d  a n d  t h e  s o l u t i o n  was  r e f l u x e d  
f o r  n i n e t y  m i n u t e s .  The  s o l u t i o n  was  c o o l e d  a n d  t h e n  p o u r e d  
i n t o  w a t e r  ( 5 0 0  m L ) . T h e  o i l  was  e x t r a c t e d  i n t o  m e t h y l e n e  
c h l o r i d e ,  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  
a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  c r u d e  
b r o w n  o i l  was  f r a c t i o n a l l y  d i s t i l l e d  t o  g i v e  91 .81% y i e l d  o f
11 3
1 3 5  ( 1 9 . 7 8 4  g ,  0 . 1 4 2 3  m o l ) :  bp 65°C ( 0 . 2 mm)
( l i t . ^  bp 1 3 3 ° C ,  15mm) ;  IR ( n e a t ,  Na Cl  p l a t e s )
3460  a n d  3370 ( NH^) c m- 1 ; 1 H NMR ( CDC13 ) f  
2 . 3 1  ( s ,  3 H ) ,  4 . 1 3  ( b r  s ,  2 H) ,  6 . 6 - 7 . 5  (m,  4 H ) .
N - [ ( 2 ' m e t h y l t h i o ) p h e n y l ] - 4  - t o l u e n e s u l f o n a m i d e  
( 1 3 6 ) .  2 - A m i n o t h i o a n i s o l e  (11 g ,  0 . 0 7 9  m o l )  was  
d i s s o l v e d  i n  e t h e r  ( 2 5 0  mL) a t  0°C i n  a 500- mL 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  
P y r i d i n e  ( 6 . 4  mL, 0 . 0 7 9  m o l )  a n d  t h e n  4 - t o l u e n e s u l f o n y l  
c h l o r i d e  ( 2 2 . 6  g ,  0 . 1 1 8  m o l )  w e r e  a d d e d  s u c c e s s i v e l y .  T h e  
s o l u t i o n  was  a l l  owed t o  warm t o  r oom t e m p e r a t u r e  a n d  was  
s t i r r e d  f o r  18 h o u r s .  The  p y r  i d i n e - ’n y d r  o c h l  o r  i de  s a l t  was  
f i l t e r e d  a n d  w a s h e d  w i t h  e t h e r .  The c o m b i n e d  e t h e r  
s o l u t i o n s  w e r e  w a s h e d  t w i c e  w i t h  w a t e r  ( 5 0  m L ) , d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  c r u d e  s o l i d  was  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  3 2 . 7 % y i e l d  o f  136 
( 1 9 . 2  g ,  0 .  0654  m o l ) :  mp 146 - 1 4 7 ° C ; IR ( K B r )  3260 ( NH) ,  
3 0 3 0 ,  2 9 2 0 ,  1 3 8 5 ,  1320 a n d  1140 ( S 0 p N) ,  8 1 5 ,  7 5 0 ,  535 
c m- 1 ; 1 H NMR ( C D C l ^  < / " 2 . l 6  ( s ,  3 H ) , 2 . 3 6  ( s ,
3 H ) , 7 . 2 - 7 . 8 3  (m,  9 H ) ; 1 3 C NMR ( 0 0 0 1 ^ ^ 1 4 3 . 9 1 ,
1 4 1 . 1 2 ,  1 3 7 . 4 1 ,  1 3 6 . 2 4 ,  1 3 3 - 3 8 ,  1 2 9 . 5 4 ,  1 2 8 . 9 6 ,  1 2 7 . 2 7 ,  
1 2 5 . 0 5 ,  1 2 0 . 3 1 ,  2 1 . 4 6 ,  1 9 . 0 5 .  A n a l .  C a l c d  f o r  
C l 4 H1 5 N02 S2 : C,  5 7 . 3 3 ;  H, 5 . 1 6 ;  N, 4 . 7 8 .
F o u n d :  C,  5 7 . 6 7 ;  H, 5 . 1 2 ;  N, 4 . 8 7 .
N - M e t h y l - N - [ ( 2 ' - M e t h y l t h i o ) p h e n y l ] -
4 - T o l u e n e s u l f o n a m i d e  ( 1 3 7 ) .
_N-[ ( 2  ’ - M e t h y l t h i o ) p ’n e n y l ]  4 -  t o l  u e n e s u l  f o n a m i de  ( 0 . 1 9 9  g ,  
0 . 6 7 8  mmol )  and  5 . 5  N p o t a s s i u m  h y d r o x i d e  ( 2 0  mL) w e r e  
h e a t e d  t o  r e f l u x  i n  e t h a n o l  ( 1 0  mL) i n  a 100-mL 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a r e f l u x  c o n d e n s e r .  
D i m e t h y l  s u l f a t e  ( 0 . 2 0  mL, 2 . 0  mmol )  was  a d d e d  v i a  
s y r i n g e  a n d  t h e  s o l u t i o n  was  r e f l u x e d  f o r  o n e - h a l f  h o u r .  
Th e  s o l u t i o n  was  c o o l e d  t o  r o o m t e m p e r a t u r e ,  f i l t e r e d ,  a n d  
t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  Th e  r e m a i n i n g  
w a t e r  was  e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  (6 
mL,) . The  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n ’n y d r o u  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  c r u d e  s o l i d  was  r e c r y s t a l l i z e d  f r o m  
e t h a n o l  t o  g i v e  7 0 . 6 % y i e l d  o f  137  ( 0 . 1 4 7  g ,  0 . 4 7 8  
m m o l ) :  mp 1 2 6 - 1 2 7 ° C ;  IR ( KBr )  3 0 8 0 ,  2 9 8 0 ,  2 8 4 0 ,  1 4 8 0 ,
1350 a n d  1160 ( S 0 2 N) ,  1 0 9 0 ,  1 0 5 0 ,  8 2 0 ,  7 7 0 ,  5 8 0 ,  560 
cm- 1 ; 1 H NMR ( C D C l ^ c T  2 . 4 0  a n d  2 . 4 3  ( 2  s ,  6H) ,
3 . 1  ( s ,  3H) , 6 . 7 8 - 7 . 8 5  (m,  8H) ; 1 3C NMR ( C D C l ^
1 4 3 . 5 9 ,  1 4 1 . 1 8 ,  1 3 8 . 4 5 ,  1 3 5 . 7 2 ,  1 2 9 . 4 8 ,  1 2 9 . 0 2 ,  1 2 8 . 2 4 ,
1 2 7 . 9 2 ,  1 2 5 . 3 8 ,  1 2 4 . 7 3 ,  3 8 . 3 0 ,  2 1 . 5 9 ,  1 4 . 7 6 .  A n a l .  C a l c d  
f o r  C 1 5 H1 7 N02 S2 : C,  5 8 . 6 2 ;  H, 5 . 5 8 ;  N, 4 . 5 6 .
F o u n d :  C,  5 8 . 6 3 ;  H, 5 . 5 7 ;  N, 4 . 5 5 .
N - M e t h y l - N - C ( 2 ' - M e t h y l s u l f  o n y l ) p h e n y l ] - 4 - t o l u e n e -  
s u l f o n a m i d e  ( 1 3 3 ) . 59 A s o l u t i o n  o f  N - m e t h y l -  
N- [ (  2 ' - ( m e t h y l  t h i  o ) p ' n e n y l  ] - 4  -  t o l  u e n e s u l  f o n a m i  de  ( 1 1 . 4  g ,
11 5
0 . 0 3 T 1 m o l )  a n d  h y d r o g e n  p e r o x i d e  (5 e q u i v a l e n t s ,  1 . 5  mL c f  
3 3 % H^O^)  i n  g l a c i a l  a c e t i c  a c i d  ( 150  mL) was  
r e f l u x e d  f o r  24 h o u r s .  T h e  s o l u t i o n  was  c o o l e d  t o  r oom 
t e m p e r a t u r e ,  p o u r e d  s l o w l y  i n t o  a b e a k e r  o f  w a t e r  ( 2 0 0  mL) 
a n d  t h e n  50 mL o f  10$  a q u e o u s  s o d i u m  b i c a r b o n a t e  was  
g r a d u a l l y  p o u r e d  i n .  The p r o d u c t  was e x t r a c t e d  i n t o  
m e t h y l e n e  c h l o r i d e .  T h e  e x t r a c t  was  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  was  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e .  The  c r u d e  p r o d u c t  was  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  7 7 . 1% y i e l d  o f  133 
( 9 . 7 1  g ,  0 . 0 2 8 6  m o l ) :  mp 1 94 -1 9 5 ° C ;  IR ( KBr )  3 0 8 0 ,  3 0 5 0 ,
3 0 2 5 ,  2 9 9 0 ,  2 9 4 0 ,  2 8 9 0 ,  2 3 2 5 ,  1 6 0 0 ,  1 4 8 5 ,  1 3 5 0  a n d  1160
( S 0 2 N ) ,  8 2 5 ,  7 2 5 ,  550 cm- 1 ; 1 H NMR ( C D C l ^  cT
2 . 4 3  ( s ,  3H) ,  3 . 2 6  ( s ,  3 H ) ,  3 - 4 7  ( s ,  3 H) ,  6 . 7 - 8 . 2 6  (m, 8 H );
1 3C NMR ( CDC13 ) eT 1 4 4 . 5 6 ,  1 4 0 . 9 2 ,  1 3 4 . 7 4 ,  1 3 4 . 4 2 ,
1 3 0 . 6 5 ,  1 2 9 . 9 3 ,  1 2 9 . 3 5 ,  1 2 8 . 3 7 ,  4 5 . 0 7 ,  4 0 . 8 4 ,  2 1 . 5 9 ;  m a s s  
s p e c t r u m ,  m/ e  ( i n t e n s i t y ) ,  340  ( 9 ,  M) ,  324 ( 1 3 7 ) ,  307 ( 6 8 ) ,  
274  ( 6 8 ) ,  260  ( 1 0 0 ) .  A n a l .  C a l c d  f o r  
Cl 5 H1 7 0 4 NS2 : C,  5 3 . 0 9 ;  H, 5 . 0 5 ;  N, 4 . 1 3 .
F o u n d :  C,  5 3 - 3 6 ;  H, 5 . 0 4 ;  N, 4 . 1 8 .
R e a c t i o n  o f  133 w i t h  Sodium Hy d r i d e  i n  THF. S o d i u m 
h y d r i d e  ( 6  e q u i v a l e n t s ,  0 . 1 1  g o f  a 50$  o i l  d i s p e r s i o n )  was  
p l a c e d  u n d e r  n i t r o g e n  i n  an o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  A f t e r  t h e  s o d i u m  h y d r i d e
was  w a s h e d  s e v e r a l  t i m e s  w i t h  h e x a n e  v i a  s y r i n g e ,  THF
( 1 0  mL) a n d  t h e n  s u l f o n a m i d e  133 ( 0 . 2 0  g ,  0 . 5 9  mmol )  was
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a d d e d . ^  The  m i x t u r e  was  s t i r r e d  a t  r oom t e m p e r a t u r e  
f o r  e i g h t e e n  h o u r s  d u r i n g  w h i c h  t i m e  t h e  r e a c t i o n  was  
m o n i t o r e d  by TLC ( e t h e r ) .  D? 0 (1 mL) was  a d d e d  t o  
q u e n c h  t h e  r e a c t i o n .  T h e  s o l u t i o n  wa s  f i l t e r e d  a n d  t h e  
s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  M e t h y l e n e  c h l o r i d e  
( 3 0  mL) was  a d d e d  a n d  t h e  s o l u t i o n  wa s  w a s h e d  w i t h  w a t e r  ( 1 0  
mL) .  The  o r g a n i c  l a y e r  was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  
s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e .  The  c r u d e  s o l i d  was  r e c r y s t a l l i z e d  f r o m  e t h a n o l  
t o  y i e l d  6 8 ?  o f  r e c o v e r e d  s t a r t i n g  m a t e r i a l  ( 0 . 1 4  g ,  0 . 4 0  
m m o l ) :  mp 1 94 -1 9 5 ° C ;  IR ( K B r )  1 6 0 0 ,  1 4 8 5 ,  1350 a n d  1 1 60 
( S 0 2 N) cm- 1 ; 1 H NMR ( C D C l ^  oT 2.  43 ( s ,  3H) ,
3 . 2 6  ( s ,  3H1,  3 . 4 7  ( s ,  3 H) ,  6 . 7 - 8 . 2 6  (m,  8H) .
R e a c t i o n  o f  133 w i t h  Sodium H y d r i d e  i n
1 , 2 - D i m e t h o x y e t h a n e  a t  10 ° C . The  p r o c e d u r e  was  t h e  
s a me  a s  f o r  t h e  r e a c t i o n  w i t h  s o d i u m  h y d r i d e  i n  THF e x c e p t  
t h a t  a  s o l u t i o n  o f  s u l f o n a m i d e  133  ( 0 . 1 0  g ,  0 . 2 9  mmol )  
i n  DME ( 1 0  mL) wa s  a d d e d  t o  s o d i u m  h y d r i d e  ( 3  e q u i v a l e n t s ,  
0 . 0 5 3  g o f  a 60?  o i l  d i s p e r s i o n )  i n  DME ( 2 0  mL) .  B o t h  
s o l u t i o n s  w e r e  c o o l e d  t o  10°C w i t h  i c e  b a t h s .  A f t e r  
f i v e  h o u r s  t h e  r e a c t i o n  was  q u e n c h e d  w i t h  D2 0 ( 0 . 5  mL) .
Th e  c r u d e  y i e l d  o f  r e c o v e r e d  s t a r t i n g  m a t e r i a l  was  0 . 1 0  g ,  
mp 1 9 2 - 1 9 5 ° C ;  a f t e r  r e c r y s t a l l i z a t i o n  f r o m  e t h a n o l ,  mp 
1 9 4 - 1 9 5 ° C ; IR ( K B r )  1 6 0 0 ,  1 4 8 5 ,  1350 a n d  1160 ( S 0 2 N) 
cm- 1 ; 1 H NMR ( C D C l ^  cT  2.  43 ( s ,  3H) , 3 - 2 6  ( s ,
3 H ) ,  3 . 4 7  ( s ,  3 H ) ,  6 . 7 - 8 . 2 6  (m,  8 H ) .
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R e a c t i o n  o f  133  w i t h  Sod i um H y d r i d e  i n  
1 , 2 - D i m e t h o x y e t h a n e  a t  Room T e m p e r a t u r e .  The p r o c e d u r e  
wa s  t h e  s a me  a s  f o r  t h e  r e a c t i o n  w i t h  s o d i u m  h y d r i d e  a t  
10°C e x c e p t  t h a t  a s o l u t i o n  o f  s u l f o n a m i d e  ( 0 . 2 4  g ,  0 . 71  
mmol )  i n  DME ( 1 0  mL) was  a d d e d  t o  s o d i u m  h y d r i d e  ( 3  
e q u i v a l e n t s ,  0 . 1 3  g o f  a 60$  o i l  d i s p e r s i o n )  i n  DME ( 3 0  mL)
a t  r o o m t e m p e r a t u r e .  The  r e a c t i o n  w a s  m o n i t o r e d  by  TLC
( c h l o r o f o r m ) .  D u r i n g  f o u r  h o u r s  no c h a n g e  was  o b s e r v e d .
T h e  r e a c t i o n  wa s  q u e n c h e d  w i t h  w a t e r .  The  c r u d e  s o l i d  was  
p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( c h l o r o f o r m )  t o  y i e l d  
r e c o v e r e d  s t a r t i n g  m a t e r i a l  ( a f t e r  r e c r y s t a l l i z a t i o n  f r o m  
e t h a n o l )  i n  8 0 . 4 $  y i e l d  ( 0 . 1 9 4  g,  0 . 5 6 8  mmo l ) :  mp 
1 9 4 - 1 9 5 ° C ; I R ( K B r )  1 6 0 0 ,  1 4 8 5 ,  1350 a n d  1160 ( S 0 2 N) 
c m " 1 ; 1 H NMR ( CDC13 ) cT 2 . 4 3  ( s ,  3H) , 3 - 2 6  ( s ,
3 H ) ,  3 . 4 7  ( s ,  3 H ) ,  6 . 7 - 8 . 2 6  (m,  8 H ) ;  a n d  1 3 - 4 $  y i e l d  o f  
2 - ( m e t h y l a m i n o ) p h e n y l  m e t h y l  s u l f o n e  ( 1 4 1 )  ( 0 . 0 1 7 6  g ,
0 . 0 9 5 1  m m o l ) :  mp 3 5 - 8 8 ° C ;  I R ( K B r )  3430  ( NH) ,  1300  a n d  
1140  ( S 0 2 ) c m " 1 ; 1 H NMR ( CDC13 ) d~  2 . 8 7  ( s ,
3 H ) ,  3 . 0 2  ( s ,  3 H ) ,  6 . 1 3  ( b r  s ,  1 H) ,  6 . 6 7 - 7 . 9 0  (m,  4 H ) .
R e a c t i o n  o f  133 w i t h  Sodium H y d r i d e  i n
1 , 2 - D i m e t h o x y e t h a n e  a t  8 5 °C .  The p r o c e d u r e  was  t h e  
s a m e  a s  f o r  t h e  r e a c t i o n  w i t h  s o d i u m  h y d r i d e  a t  10°C 
e x c e p t  t h a t  a s o l u t i o n  o f  s u l f o n a m i d e  133 ( 0 . 2 4 3  g ,
0 . 7 1 5  mmol  i n  DME ( 1 0  mL) wa s  a d d e d  t o  s o d i u m  h y d r i d e  ( 5  
e q u i v a l e n t s ,  0 . 2 1  g o f  a 60$  o i l  d i s p e r s i o n )  i n  DME ( 1 5  mL)
a n d  t h e  m i x t u r e  wa s  r e f l u x e d  a t  8 5 ° C f o r  o n e  a n d
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o n e - h a l f  h o u r s .  TLC ( c h l o r o f o r m )  s h o w e d  s t a r t i n g  m a t e r i a l  
wa s  s t i l l  p r e s e n t .  The  r e a c t i o n  m i x t u r e  was  r e f l u x e d  f o r  
e i g h t  h o u r s  a n d  t h e n  q u e n c h e d  w i t h  D2 0 ( 2  mL) .  The
c r u d e  s o l i d  was  p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y
( c h l o r o f o r m )  t o  g i v e  6 2 . 0% o f  s t a r t i n g  m a t e r i a l  ( 0 . 1 5 1  g ,
0 . 4 4 3  m m o l ) :  mp 1 9 3 - 1 9 5 ° C ; I R ( KBr )  1 6 0 0 ,  1 4 8 5 ,  1350 a n d
1160  ( S 0 2 N) c m " 1 ; 1 H NMR ( CDC13 ) cT 2 . 4 3  ( s ,
3 H ) ,  3 . 2 6  ( s ,  3 H ) ,  3 . 4 7  ( s ,  3 H ) ,  6 . 7 - 8 . 2 6  (m,  8 H ) ;  a n d  a 
n e g l i g i b l e  a m o u n t  o f  2 - ( m e t h y l  ami  n o ) p h e n y l  m e t h y l  s u l f o n e  
( 1 4 1 ) :  I R ( KBr )  3 4 3 0  ( NH) ,  1 3 0 0  a n d  1140 ( S 0 2 ) 
c m " 1 ; 1 H NMR ( C D C l 3 ) c T 2 . 8 7  ( s , 3 H ) , 3 - 0 2  ( s ,
3 H ) ,  6 . 1 3  ( b r  3 ,  1H) ,  6 . 6 7 - 7 . 9 0  (m, 4 H ) .
R e a c t i o n  o f  133 w i t h  n - B u t y l l i t h i u m . S u l f o n a m i d e  
133 ( 0 . 4 9 6  g ,  1 . 4 5  mmo l )  was  d i s s o l v e d  i n  d r y  THF ( 55  
mL) u n d e r  n i t r o g e n  i n  a  f l a m e - d r i e d ,  t h r e e - n e c k e d ,  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r ,  
t h e r m o m e t e r  a n d  a d a p t e r ,  a n d  a s e p t u m  c a p .  
n - B u t y l l i t h i u r n  ( 2  e q u i v a l e n t s ,  1 . 8  mL o f  a 1 . 6  M 
s o l u t i o n  i n  h e x a n e ,  2 . 9  mmol )  was  a d d e d  t o  t h e  s o l u t i o n  
v i a  s y r i n g e  a t  r o o m t e m p e r a t u r e .  The s o l u t i o n  t u r n e d  a n  
o r a n g e - r e d  c o l o r  i m m e d i a t e l y .  Th e  r e a c t i o n  wa s  m o n i t o r e d  by 
TLC ( m e t h y l e n e  c h l o r i d e )  a n d  a f t e r  t wo  h o u r s  was  q u e n c h e d  
w i t h  w a t e r  (1 m L ) . T h e  s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e ,  m e t h y l e n e  c h l o r i d e  ( 50  mL) was  a d d e d  a n d  t h e  
s o l u t i o n  was  w a s h e d  w i t h  s a t u r a t e d  s o d i u m  c h l o r i d e  ( 2 5  m L ) . 
T h e  o r g a n i c  l a y e r  was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m
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s u l f a t e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e .  The  c r u d e  s o l i d  wa s  p u r i f i e d  by c o l u m n  
c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  a n d  
r e c r y s t a l l i z e d  t o  y i e l d  3 4 . 6 ^  o f  r e c o v e r e d  s t a r t i n g  m a t e r i a l  
( 0 . 1 7 2  g ,  0 . 5 0 4  m m o l ) :  mp 190 - 1 9 2  ° C ; IR ( K 3 r )  1 6 0 0 ,
1 4 8 5 ,  1350  a n d  1160 ( S 0 2 N) c m ' 1 ; 1 H NMR
( CDC13 ) cT  2.  43 ( s ,  3 H) , 3 . 2 6  ( s ,  3H) , 3 . 4 7  ( s ,  3H) ,
6 . 7 - 8 . 2 6  (m, 8 H ) ;  a n d  9 . 8 3 % y i e l d  o f  2 - ( m e t h y l  ami  n o ) p h e n y l  
m e t h y l  s u l f o n e  ( 14 1 )  ( 0 . 0 2 6 6  g ,  0 . 1 4 4  mmo l ) :  mp
8 9 - 9 1  ° C ; IR ( K B r )  3 4 3 0  ( N H) ,  1330 a n d  1140  (SO, , )  
c m ' 1 ; 1 H NMR ( C D C 1 ^ ) / 2 . 8 7  ( s ,  3 H ) , 3 - 0 2  ( s ,  3 H ) ,
6 . 1 3  ( b r  s ,  1 H ) ,  6 . 6 7 - 7 . 9 0  (m,  4H) .
R e a c t i o n  o f  133 w i t h  L i t h i u m  D i i s o p r o p y l a m i d e . 
S u l f o n a m i d e  133 ( 0 . 5 1 3  g» 1 . 5 0  mmol )  was  d i s s o l v e d  i n  
d r y  THF ( 3 0  mL) u n d e r  n i t r o g e n  i n  an  o v e n - d r i e d ,  
t h r e e - n e c k e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r  a n d  a  s e p t u m  c a p .  L i t h i u m  d i i s o p r o p y l a m i d e  ( 3  
e q u i v a l e n t s )  wa s  p r e p a r e d  i n  d r y  THF ( 2 0  mL) u n d e r  n i t r o g e n  
f r o m  d i i s o p r o p y l  a m i n e  ( 0 . 8 5  mL, 6 . 0  mmol )  a n d  
n - b u t y l 1 i t h i u r n  ( 2 . 8  mL o f  a 1 . 6  M s o l u t i o n  i n  h e x a n e ,
4 . 5  mmo l )  i n  a n  o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  
w i t h  a  m a g n e t i c  s t i r r e r  a n d  s e p t u m  c a p .  The s o l u t i o n  o f  LDA 
was  c a n n u l a t e d  i n t o  t h e  s o l u t i o n  o f  t h e  s u l f o n a m i d e  v i a  
a d o u b l e - t i p p e d  n e e d l e  a t  r o o m t e m p e r a t u r e .  T h e  r e a c t i o n  
was  m o n i t o r e d  by TLC ( m e t h y l e n e  c h l o r i d e )  a n d  a f t e r  t h r e e  
h o u r s ,  was  q u e n c h e d  w i t h  w a t e r  (1 m L ) . T h e  s o l u t i o n  wa s
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f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  
W a t e r  w a s  a d d e d  t o  t h e  r e s i d u a l  o i l  a n d  t h e  m i x t u r e  was  
e x t r a c t e d  f o u r  t i m e s  w i t h  e t h y l  a c e t a t e  ( 1 0 0  mL) .  T h e  
c o m b i n e d  o r g a n i c  e x t r a c t s  w e r e  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  c r u d e  s o l i d  was  p u r i f i e d  by c o l u m n  
c h r o m a t o g r a p h y  ( m e t h y l e n e  c h l o r i d e ,  a n d  t h e n  e t h y l  a c e t a t e )  
t o  y i e l d  1 1 . 4 $  r e c o v e r e d  s t a r t i n g  m a t e r i a l  ( 0 . 0 5 8 5  g ,  0 . 1 7 2  
m mo l ) :  mp 1 9 0 - 1 9 2 ° C ;  IR ( KBr )  1 6 0 0 ,  1 4 8 5 ,  1350 a n d  1160
( S 0 2 N) cm ; 1 H MMR ( CDC1 ) </* 2.  43 ( s ,  3H) ,
3 . 2 6  ( s ,  3 H) ,  3 . 4 7  ( s ,  3 H ) ,  6 . 7 - 8 . 2 6  (m,  8 H ) ;  and  4 1 . 5 $
y i e l d  o f  2 - ( m e t h y l a m i n o ) p h e n y l  m e t h y l  s u l f o n e  ( 141)
( 0 . 1 1 6  g ,  0 . 6 2 7  m m o l ) :  mp 9 0 - 9 2 ° C ;  IR ( KBr )  3430 ( NH) ,
1 300 a n d  1140  ( S 0 2 ) cm- 1 ; 1 H NMR ( C D C l ^  £/ '
2 . 8 7  ( s ,  3 H) ,  3 . 0 2  ( s ,  3 H ) ,  6 . 1 3  ( b r  s ,  1H) ,  6 . 6 7 - 7 . 9 0  (m,
4 H ) . The  f i l t e r e d  s o l i d  ( f r o m  t h e  THF) was  d r i e d  u n d e r  
v a c u u m a n d  wa s  i d e n t i f i e d  a s  4 - 1 o l u e n e s u l f i n i c  a c i d  by 
m a t c h i n g  i t ' s  p r o t o n  NMR s p e c t r u m  w i t h  t h a t  o f  an a u t h e n t i c  
s a m p l e .  The  y i e l d  o f  4 - t o l u e n e s u l f i n i c  a c i d  was  3 3 - 1 $  
( 0 . 0 8 0 9  g ,  0 . 4 9 9  m m o l ) .
2 - A c e t a m i d o p h e n y l  Me t hy l  S u l f i d e  ( 1 4 2 ) .
2 - A m i n o t h i o a n i s o l e  ( 7 . 5 0  g ,  0 . 0 5 4 0  m o l )  was  d i s s o l v e d  i n  
c h l o r o f o r m  ( 1 0 0  mL) i n  a 2 50 - mL r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r ,  r e f l u x  c o n d e n s e r  a n d  an  
a d d i t i o n  f u n n e l .  T r i e t h y l  a m i n e  ( 1 1 . 2  mL, 0 . 0 8 1 0  m o l )  wa s  
a d d e d  d r o p w i s e  f o l l o w e d  by  a c e t i c  a n h y d r i d e  ( 1 0 . 2  mL, 0 . 1 0 8
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m o l )  f r o m  a n o t h e r  a d d i t i o n  f u n n e l .  T h e  s o l u t i o n  was  s t i r r e d
a t  r o o m t e m p e r a t u r e  f o r  o n e  h o u r  a n d  t h e n  r e f l u x e d  f o r  o n e
h o u r .  T h e  s o l u t i o n  was  c o o l e d  t o  r oom t e m p e r a t u r e ,  w a s h e d
w i t h  w a t e r  ( 25  mL ) ,  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e
a n d  f i l t e r e d .  T h e  s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d
p r e s s u r e .  The c r u d e  s o l i d  was  r e c r y s t a l l i z e d  f r o m
c y c l o h e x a n e  t o  g i v e  9 0 . 4 $  y i e l d  o f  142 ( 8 . 8 8  g ,  0 . 0 4 8 8
m o l ) :  mp 1 0 1 - 1 0 3 ° C ; I R ( K B r )  3 2 2 0  ( NH) ,  3 0 2 0 ,  3 0 0 0 ,
2 9 2 0 ,  1 6 5 0  ( C= G) ,  1 5 7 0 ,  1 5 4 0  ( a m i d e  I I  b a n d ) ,  7 4 5 ,  550
c m " 1 ; 1 H NMR ( CD C l 3 ) cT 2.  23 ( s ,  3H) , 2 . 3 8  ( s ,
3 H) ,  6 .  98 -8 . 36 ( m,  5H) ; 1 3C NMR ( C D C l ^  cT 1 6 8 . 4 3 ,
1 3 8 . 1 9 ,  1 3 2 . 5 3 ,  1 2 8 . 6 3 ,  1 2 5 . 5 1 ,  1 2 4 . 5 3 ,  1 2 0 . 9 6 ,  2 4 . 7 1 ,
1 8 . 7 3 .  A n a l .  C a l c d  f o r  C g H ^ N O S :  C,  5 9 . 6 5 ;  H, 6 . 1 2 ;
N, 7 . 7 3 .  F o u n d :  C,  5 9 . 6 4 ;  H, 6 . 2 2 ;  N, 7 . 8 4 .
2 - A c e t a m i d o p h e n y l  Met hy l  S u l f o n e  ( 1 4 3 ) .
2 - A c e t a m i d o p h e n y l  m e t h y l  s u l f i d e  ( 7 . 8 0  g ,  0 . 0 4 3 0  mo l )  wa s
d i s s o l v e d  i n  a c e t i c  a c i d  ( 2 0 0  mL) i n  a 5 0 0 -mL r o u n d - b o t t o m e d
f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a n d  a r e f l u x
58c o n d e n s e r .  H y d r o g e n  p e r o x i d e  ( 2 . 5  mL, 0 . 4 3  m o l )  was  
a d d e d  a n d  t h e  s o l u t i o n  was  r e f l u x e d  f o r  t e n  d a y s .  Th e  
r e a c t i o n  was  m o n i t o r e d  by TLC ( e t h y l  a c e t a t e ) .  Even  t h o u g h  
a  s m a l l  a m o u n t  o f  s u l f o x i d e  wa s  s t i l l  p r e s e n t ,  t h e  r e a c t i o n  
was  q u e n c h e d  by c o o l i n g  a n d  p o u r i n g  i n t o  a b e a k e r  c o n t a i n i n g  
2 0 0  mL o f  w a t e r .  The  a q u e o u s  s o l u t i o n  was  e x t r a c t e d  f i v e  
t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  ( 2 5 0  mL) a n d  t h e  c o m b i n e d  
o r g a n i c  e x t r a c t s  w e r e  w a s h e d  t h r e e  t i m e s  w i t h  w a t e r  ( 9 0  mL)
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a n d  t h r e e  t i m e s  w i t h  10$ a q u e o u s  s o d i u m  b i c a r b o n a t e  ( 90  mL) .  
T h e  s o l u t i o n  was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  
f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .
Th e  c r u d e  s o l i d  wa s  p u r i f i e d  by  c o l u mn  c h r o m a t o g r a p h y  ( e t h y l  
a c e t a t e )  a n d  t h e n  by r e c r y s t a l l i z a t i o n  f r o m  c a r b o n  
t e t r a c h l o r i d e  t o  y i e l d  5 3 - 1 $  193  ( 9 . 8 6  g ,  0 . 0 2 2 9  m o l ) :  
mp 1 9 9 -1 9 5 ° C ; I R ( K B r )  3320  ( NH) ,  3 0 2 0 ,  2 9 3 0 ,  1 685 
( C = 0 ) ,  1 5 1 0 ,  1300  a n d  1195  ( S 0 2 ) ,  9 6 0 ,  7 8 0 ,  7 5 5 ,  670 
c m- 1 ; 1 H NMR ( CDC1 ) cT  2.  1 3 ( s ,  3H) , 2 . 9 8  ( s ,
3H) , 7 . 0 2 - 8 . 0 0  (m,  9H) , 9 . 9 7  ( b r  s ,  1 H ) ; 1 3C NMR
( CDC13 ) c/ ~  1 6 8 . 6 2 ,  1 3 7 . 0 8 ,  1 3 5 . 3 9 ,  1 2 9 . 2 8 ,  1 2 7 - 0 7 ,
1 2 9 . 2 1 ,  1 2 2 . 9 7 ,  9 9 . 2 9 ,  2 5 . 1 0 ;  m a s s  s p e c t r u m ,  m/ e  
( i n t e n s i t y ) ,  215  ( 3 9 ,  M+2 ) ,  219 ( 8 0 ,  M+1) ,  21 3 ( 5 9 7 ,  M) ,  171 
( 1 0 0 0 ) ,  156  ( 9 5 3 ) ,  108  ( 8 8 6 ) ,  92  ( 1 0 0 0 ) .  A n a l .  C a l c d  f o r  
C9 Hn N03 S:  C,  5 0 . 6 9 ;  H, 5 . 2 0 ;  N, 6 . 5 7 .  F o u n d :
C,  5 0 . 5 9  ; H, 5 . 1 7 ;  N, 6 . 5 8 .
2 - A m i n o p h e n y l  Met hy l  S u l f o n e  ( 1 9 9 ) .
2 - A c e t a m i d o p h e n y l  m e t h y l  s u l f o n e  ( 0 . 3 2 9  g ,  1 . 5 2  mmol )  was  
d i s s o l v e d  i n  h o t  e t h a n o l  ( 20 mL) i n  a 100-mL r o u n d - b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a r e f l u x  c o n d e n s e r .  A q u e o u s  s o d i u m  
h y d r o x i d e  (2 mL o f  5N s o l u t i o n )  was  a d d e d  a n d  t h e  s o l u t i o n  
r e f l u x e d  f o r  e i g h t  h o u r s .  The  r e a c t i o n  wa s  m o n i t o r e d  by  TLC 
( e t h y l  a c e t a t e ) .  The  s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e .  Th e  r e s i d u e  was  d i s s o l v e d  i n  c h l o r o f o r m  ( 3 0  m L ) , 
w a s h e d  t h r e e  t i m e s  w i t h  w a t e r ( 3 0  mL) ,  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r
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r e d u c e d  p r e s s u r e .  T h e  s o l i d  was  r e c r y s t a l l i z e d  f r o m  c a r b o n  
t e t r a c h l o r i d e  t o  y i e l d  8 5 . 9% o f  144 ( 0 . 2 2 3  g ,  1 . 31  
m m o l ) :  mp 8 3 ° C;  I R ( K B r )  3 4 6 0  a n d  3370  ( NH^) ,  3 0 1 0 ,
2 9 2 5 ,  1 6 3 0 ,  1 h 9 0 ,  1 4 6 0 ,  1 3 00  a n d  1140  ( S 0 2 ) ,  9 6 0 ,  750 
c m " 1 ; 1 H NMR ( CD Cl  ) c T  3 . 0 3  ( s ,  3 H ) ,  5 . 2 0  ( b r  s ,
2H) , 6 . 6 8 - 7 . 8 2  (m,  4H) ; 1 3 C NMR ( CDCl g )  c f  1 4 6 . 3 8 ,
1 3 5 . 1 3 ,  1 2 9 . 2 8 ,  1 2 1 . 9 3 ,  1 1 7 . 8 4 ,  1 1 7 . 7 1 ,  4 2 . 2 7 .  A n a l .  C a l c d  
f o r  C? H9 N02 S:  C,  4 9 . 0 9 ;  H, 5 . 3 0 ;  N, 8 . 1 9 .
F o u n d :  C,  4 9 . 0 9 ;  H, 5 . 2 5 ;  N, 8 . 1 6 .
2-(Methyl ami no)phenyl Methyl Sulfone (141).
N - M o n o m e t h y l a t i o n  o f  2 - ami  n o p h e n y l  m e t h y l  s u l f o n e  was
4 7a c c o m p l i s h e d  by f o l l o w i n g  K r i s h n a m u r t h y 1 s p r o c e d u r e  o f  
f o r m y l a t i o n  o f  t h e  a m i n e  g r o u p  u s i n g  a c e t i c  f o r m i c  a n h y d r i d e  
f o l l o w e d  by r n  s i t u  r e d u c t i o n  o f  t h e  g e n e r a t e d  
f o r m a m i d e  u s i n g  b o r a n e : m e t h y l  s u l f i d e  c o m p l e x .
2- Ami  n o p h e n y l  m e t h y l  s u l f o n e  ( 0 . 9 7 9  g ,  5 . 7 2  mmol )  was  t h u s  
c o n v e r t e d  t o  141 i n  8 9 . 4 $  y i e l d  ( 0 . 9 4 3  g ,  5 . 1 0  m m o l ) :  mp
9 1 - 9 2 ° C ; I R ( K B r )  3 4 3 0  ( N H ) ,  3 0 8 0 ,  3 0 2 0 ,  2 9 2 0 ,  2 8 8 0 ,
2 8 2 0 ,  1 6 1 5 ,  1 5 7 5 ,  1 5 2 0 ,  1 4 7 5 ,  1 3 3 0 ,  1300  a n d  1140  ( SC2 ) ,
9 5 5 ,  755 c m " 1 ; 1 H NMR ( CD Cl  ) cT 2 . 8 7  ( s ,  3H) ,
3 . 0 2  ( s ,  3H) , 6 . 1 3  ( b r  s ,  1 H ) , 6 . 6 7 - 7  . 90 (m,  4H) ;  1 3 C
NMR ( CDC13 ) cT 1 4 7 . 8 2 ,  1 3 5 . 4 6 ,  1 2 9 . 6 7 ,  1 2 1 . 3 5 ,  1 1 6 . 0 8 ,
1 1 1 . 7 9 ,  4 2 . 2 7 ,  2 9 . 9 8 .  A n a l .  C a l c d  f o r  
CgHn N02 S:  C,  5 1 . 8 8 ; H, 5 . 9 9 ;  N, 7 . 5 7 .  F o u n d :
C,  5 2 . 0 8 ;  H, 6 . 0 2 ;  N, 7 . 7 0 .
2 ' - F o r m y l p h e n y l  4 - T o l u e n e s u l f o n a t e  ( 1 4 8 ) . ^1 In
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a 5 0 0 - m L  E r l e n m e y e r  f l a s k ,  s a l i c y l a l d e h y d e  ( 2 1 . 3  mL, 2 4 . 4  g ,  
0 . 2 0 0  m o l )  a n d  p y r i d i n e  ( 30  mL) w e r e  m i x e d  t o g e t h e r .
4 - T o l u e n e s u l f o n y l  c h l o r i d e  ( 1 . 5  e q u i v a l e n t s ,  5 7 . 1  g ,  0 . 2 0 0  
m o l )  w a s  a d d e d  t h r o u g h  a p o w d e r  f u n n e l .  The m i x t u r e  was  
a g i t a t e d  s e v e r a l  t i m e s  d u r i n g  t h e  s i x  h o u r  r e a c t i o n  t i m e ,  
d u r i n g  w h i c h  a s o l i d  p r e c i p i t a t e d  u n t i l  f i n a l l y  t h e  m i x t u r e  
wa s  a  s o l i d  c a k e .  C y c l o h e x a n e  was  a d d e d  t o  t h e  r e a c t i o n  
m i x t u r e ,  w h i c h  w a s  b r o u g h t  t o  b o i l i n g  a n d  t h e n  d e c a n t e d .
The  p r o d u c t  c r y s t a l l i z e d  t o  y i e l d  8 5 . 5 ?  o f  148 ( 4 7 . 5  g ,
0 . 1 7 1  m o l ) :  mp 62 . 5 -6 4°C ( l i t . 61 mp 6 3 - 6 4 ° C ) ;  IR 
( KBr )  3 0 8 0 ,  3 0 4 0 ,  2 9 2 0 ,  2 8 9 0 ,  2 7 6 0  ( CH0 ) ,  1 6 9 9  ( C = 0 ) ,  1 6 0 5 ,  
1380 a n d  1190 ( S 0 2 0)  1 1 8 0 ,  8 6 5 ,  785 cm- 1 ; 1 H NMR 
( C D C l j )  cT  2 . 4  ( s ,  3H) , 7 . 1 - 7 . 9 3  (m,  8H) , 1 0 . 0 6  ( s ,  1 H) .
2 ’ - ( H - M e t h y l f o r m i m i n y l ) p h e n y l  4 - T o l u e n e 3 u l f o n a t e  
( 1 4 9 ) .  2 ' - F o r m y l p h e n y l  4 - t o l u e n e s u l f o n a t e  ( 4 0 . 7  g ,
0 . 1 4 7  m o l )  was  d i s s o l v e d  i n  m e t h a n o l  ( 8 0 0  mL) i n  a 2 - l i t e r  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r .  
A q u e o u s  m e t h y l a m i n e  s o l u t i o n  ( 6  e q u i v a l e n t s ,  12 mL o f  a 40 ?  
s o l u t i o n )  was  a d d e d  a n d  t h e  m i x t u r e  was  s t i r r e d  f o r  t w e l v e  
h o u r s .  T h e  s o l v e n t  wa s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  
t h e  c r u d e  s o l i d  r e c r y s t a l l i z e d  f r o m  c y c l o h e x a n e  t o  g i v e  
8 9 . 1 ?  y i e l d  o f  1 4 9  ( 3 7 . 9  g ,  0 . 1 3 1  m o l ) :  mp 8 0 - 8 l ° C ;
I R ( KBr )  3 0 7 0 ,  3 0 5 0 ,  3 0 2 0 ,  2 9 4 5 ,  2 9 0 5 ,  2 8 9 0 ,  2 8 5 0 ,  2 7 8 0 ,
1 650  ( C = N) , 1 600 , 1 4 8 5 ,  1 4 5 0 ,  1 380 a n d  1190 ( S 0 2 0 ) ,
1 1 8 0 ,  1 1 6 5 ,  1 0 9 0 ,  8 8 0 ,  770  cm- 1 ; NMR ( C D C l ^  c f
2 . 4 3  ( s ,  3 H ) , 3 . 3 0  ( s ,  3 H ) , 7 . 0 6 - 7 . 9 5  (m,  8 H ) , 8 . 1 5  ( s ,  1 H ) ;
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1 3C NMR ( CDC13 ) cT  1 5 6 . 4 0 ,  1 4 8 . 7 9 ,  1 4 5 . 8 0 ,  1 3 2 . 0 8 ,
1 3 1 . 3 6 ,  1 2 9 . 9 3 ,  1 2 9 . 5 4 ,  1 2 8 . 5 0 ,  1 2 7 . 5 9 ,  1 2 7 - 3 3 ,  1 2 3 - 3 0 ,
4 8 . 2 5 ,  2 1 . 6 5 .  A n a l .  C a l c d  f o r  C ^ H ^ N O ^ S :  C,
6 2 . 2 7 ;  H, 5 . 2 3 ;  N, 4 . 8 4 .  F o u n d :  C, 6 2 . 5 3 ;  H, 5 . 2 2 ;  N, 4 . 8 3 .
2 ' - ( N - M e t h y l a m i n o m e t h y l ) p h e n y l  4 - T o l u e n e -  
s u l f o n a t e  ( 1 4 7 ) .  S o d i u m b o r o h y d r i d e  ( 2 . 4  e q u i v a l e n t s ,
0 . 7 8 2  g ,  0 . 0 2 0 7  m o l )  was  a d d e d  g r a d u a l l y  t h r o u g h  a p o w d e r  
f u n n e l  t o  a s o l u t i o n  o f  i m i n e  149 ( 2 . 5 0  g ,  8 . 6 5  mmol )  i n  
d r y  m e t h a n o l  ( 1 5 0  m L ) . T h e  s o l u t i o n  e f f e r v e s c e d  d u r i n g  t h e  
a d d i t i o n .  The s o l u t i o n  was  s t i r r e d  f o r  t w e l v e  h o u r s  a n d  t h e  
r e a c t i o n  was  m o n i t o r e d  f o r  t h e  d i s a p p e a r a n c e  o f  s t a r t i n g  
m a t e r i a l  by TLC ( e t h y l  a c e t a t e ) .  The  s o l v e n t  was  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e s i d u a l  o i l  was  d i s s o l v e d  i n  
e t h y l  a c e t a t e  ( 1 0 0  mL) .  The  s o l u t i o n  was  w a s h e d  w i t h  10)5 
a q u e o u s  s o d i u m  b i c a r b o n a t e  s o l u t i o n ,  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  b r o w n  o i l  was  t r a n s f e r r e d  t o  a 25- mL 
r o u n d - b o t t o m e d  f l a s k  a n d  d i s t i l l e d  i n  a k u g e l r o h r  a p p a r a t u s  
( 1 6 0 ° C , 0 . 2  mm) t o  g i v e  8 0 . 1 ?  o f  147 ( 2 . 0 2  g ,  6 . 9 3  
m m o l ) :  IR ( n e a t ,  NaCl  p l a t e s )  3 3 4 5  ( NH) ,  3 0 8 0 ,  3 0 4 0 ,  2 9 4 5 ,  
2 8 6 0 ,  1 6 1 0 ,  1 4 9 5 ,  1 4 6 0 ,  1380 a n d  1200  ( S 0 ? 0 ) ,  1 1 6 0 ,
1 0 8 5 ,  8 7 0 ,  775 c ~ _1 ; 1 H NMR ( CD Cl  ) <f~ 1 . 35 ( s ,
1 H ) , 2 . 3 4  ( s ,  3 H ) , 2 . 4 4  ( s ,  3 H ) , 3 - 5 7  ( s ,  2 H ) , 7 . 1 0 - 7 . 9 3  (m,  
8 H ) ; 1 3 C NMR ( C D C l ^ c T  1 4 7 . 8 8 ,  1 4 5 . 5 4 ,  1 3 3 . 5 7 ,
1 3 2 . 9 2 ,  1 3 0 . 3 9 ,  1 2 9 . 8 7 ,  1 2 8 . 3 0 ,  1 2 7 . 9 8 ,  1 2 7 . 1 3 ,  1 2 2 . 1 9 ,
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4 9 . 8 1 ,  3 5 . 9 6 ,  2 1 . 6 5 ;  ma s s  s p e c t r u m ,  m / e  ( i n t e n s i t y ) ,  291 
( 8 0 ,  M) ,  2 7 6  ( 4 7 ) ,  155  ( 5 3 ) ,  136  ( 1 0 0 0 ) ,  120  ( 1 5 8 ) ,  91 
( 4 1 0 ) .  A n a l .  C a l c d  f o r  C1 5 H1 7 N03 S:  C, 6 1 . 8 3 ;  H,
5 . 8 8 ;  N, 4 . 8 1 .  F o u n d :  C,  6 1 . 4 7 ;  H, 6 . 0 0 ;  N, 4 . 7 2 .
R e a c t i o n  o f  147 w i t h  n - B u t y l l i t h i u m .
2 ( _N- Met hyl  ami  n o m e t h y l  ) p h e n y l  4 -  t o l  u e n e s  u l  f  o n a t  e ( 0 . 1 9 2  
g ,  0 . 6 6 0  mmol )  wa s  d i s s o l v e d  i n  THF ( 3 0  mL) u n d e r  n i t r o g e n  
i n  a n  o v e n - d r i e d ,  t h r e e - n e c k e d ,  r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r ,  s e p t u m  c a p  a n d  a n i t r o g e n  
i n l e t  a n d  o u t l e t .  The  s o l u t i o n  was  b r o u g h t  t o  - 7 3 ° C  
w i t h  a Dr y  I c e - a c e t o n e  b a t h .  n - B u t y l 1 i t h i u r n  (4 
e q u i v a l e n t s ,  1 . 6  mL o f  a 1 . 6  M s o l u t i o n  i n  h e x a n e ,  2 . 6  mmol )  
was  a d d e d  v i a  s y r i n g e .  The s o l u t i o n  t u r n e d  i m m e d i a t e l y  
t o  a r e d - b r o w n  c o l o r .  T h e  r e a c t i o n  wa s  m o n i t o r e d  by TLC 
( e t h y l  a c e t a t e )  w h i c h  s h o w e d  f i v e  s p o t s  i n i t i a l l y ,  w h i c h  
w e r e  u n c h a n g e d  f o r  t h r e e  a n d  o n e - h a l f  h o u r s .  T h e  r e a c t i o n  
was  q u e n c h e d  a t  - 7 8 ° C  w i t h  w a t e r  ( 0 . 3  mL) a n d  t h e n  
a l l o w e d  t o  war m t o  r o o m t e m p e r a t u r e .  T h e  THF wa s  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e ,  a n d  e t h y l  a c e t a t e  ( 30  mL) wa s  a d d e d .  
T h e  s o l u t i o n  wa s  w a s h e d  w i t h  w a t e r  ( 1 0  m L ) , d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  An a t t e m p t  wa s  ma de  t o  
p u r i f y  t h e  c r u d e  y e l l o w  o i l  by p r e p a r a t i v e  p l a t e  
c h r o m a t o g r a p h y  ( e t h y l  a c e t a t e ) .  E a c h  o f  t h e  f i v e  b a n d s  
w h i c h  w e r e  s e p a r a t e d  c o n s i s t e d  o f  t wo t o  s e v e n  s p o t s  by TLC 
( c h l o r o f o r m ) .  No f u r t h e r  w o r k  was  a t t e m p t e d  o n  t h i s
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r e a c t i o n .
R e a c t i o n  o f  147 w i t h  L i t h i u m  D i i s o p r o p y l a m i d e  a t
- 7 8 ° C .  S u l f o n a t e  e s t e r  147 ( 0 . 5 3 3  g ,  1 . 3 3  mmol )  
was  d i s s o l v e d  i n  d r y  THF ( 3 0  mL) u n d e r  n i t r o g e n  i n  an 
o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r ,  a s e p t u m  c a p  a n d  a n i t r o g e n  i n l e t  a n d  o u t l e t .
L i t h i u m  d i i s o p r o p y l a m i d e  (3 e q u i v a l e n t s )  was  p r e p a r e d  i n  d r y  
THF ( 2 0  mL) u n d e r  n i t r o g e n  f r o m  d i i s o p r o p y l  a mi n e  ( 1 . 1 3  mL,
8 . 0 8  mmol  and  n - b u t y l 1 i t h i u r n  ( 3 . 6  mL o f  a 1 . 5  M s o l u t i o n  
i n  h e x a n e ,  6 . 1  mmol )  i n  a n  o v e n - d r i e d ,  r o u n d - b o t t o m e d  f l a s k  
e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a n d  a s e p t u m  c a p .  B o t h  
s o l u t i o n s  w e r e  b r o u g h t  t o  - 7 3 ° C  w i t h  Dr y  I c e - a c e t o n e  
b a t h s .  T h e  s o l u t i o n  o f  LDA wa s  c a n n u l a t e d  i n t o  t h e  s o l u t i o n  
o f  t h e  s u l f o n a t e  e s t e r  v i a  a d o u b l e - t i p p e d  n e e d l e .  TLC 
( 0 . 6  h e x a n e  : 0 . 4  e t h y l  a c e t a t e )  f i v e  m i n u t e s  a f t e r  t h e  
a d d i t i o n  s h o w e d  o n e  c o mp o u n d  a n d  a b a s e l i n e  s p o t .  The TLC 
was  u n c h a n g e d  a f t e r  t w e n t y  m i n u t e s .  T h e  r e a c t i o n  was  
q u e n c h e d  a t  -7  8°C w i t h  a q u e o u s  ammoni um c h l o r i d e  
s o l u t i o n ,  a n d  t h e n  wa s  a l l o w e d  t o  warm t o  r oom t e m p e r a t u r e .  
Th e  THF was  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e ,  m e t h y l e n e  
c h l o r i d e  ( 5 0  mL) was  a d d e d  a n d  t h e  s o l u t i o n  was  w a s h e d  w i t h  
w a t e r  ( 1 0  mL) .  The o r g a n i c  l a y e r  was  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  P r e p a r a t i v e  p l a t e  c h r o m a t o g r a p h y  ( e t h y l  
a c e t a t e )  was  d o n e  o n  t h e  c r u d e  m a t e r i a l  t o  y i e l d  t h r e e  
b a n d s .  One b a n d  was  a v e r y  s m a l l  a mo u n t  o f  a h i g h l y  c o l o r e d
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o i l  w h i c h  was  n o t  i d e n t i f i e d .  A n o t h e r  b a n d  was  s h o wn  by 
m a s s  s p e c t r o m e t r y  t o  c o n s i s t  o f  many c o m p o u n d s .  No f u r t h e r  
wor k  wa s  d o n e  o n  t h i s  b a n d .  The  t h i r d  b a n d  was  r e p u r i f i e d  by 
c o l u m n  c h r o m a t o g r a p h y  ( c h l o r o f o r m )  t o  y i e l d  t h e  r e a r r a n g e d  
p r o d u c t ,  Nf-2 ' - h y d r o x y  b e n z y l -
_ N - m e t h y l - 4  -  t o l  u e n e s u l  f  ona mi  de (151), i n  32. 81/ 6 y i e l d  
( 0 . 1 7 5  g ,  0 . 6 0 1  mm o l ) :  mp 9 1 - 9 3 ° C ;  IR ( KBr )  3410 ( OH) ,
3 0 8 0 ,  3 0 4 0 ,  2 9 9 0 ,  2 9 3 0 ,  2 8 8 0 ,  1 6 0 0 ,  1 4 6 0 ,  1325  and 1150
( S 0 2 N) ,  1 0 8 0 ,  9 1 5 ,  8 1 5 ,  750 c m- 1 ; 1 H NMR
( C D C l ^ c T  2 . 4 5  ( s ,  3H) , 2 . 6 6  ( s ,  3H) , 4 . 0 6  ( s ,  2H) ,
6 . 8 1 - 7 . 8 5  (m,  9 H ) ; 1 3C NMR ( C D C l ^  c T  1 5 5 . 8 8 ,  1 4 4 . 1 7 ,
1 3 3 - 3 1 ,  1 3 0 . 4 5 ,  1 3 0 . 2 6 ,  1 3 0 . 0 6 ,  1 2 7 . 6 5 ,  1 2 0 . 0 7 ,  1 2 0 . 0 1 ,  
1 1 7 . 1 8 ,  5 1 . 3 1 ,  3 4 . 4 0 ,  2 1 . 5 9 ;  m a s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  
291 ( 9 9 ,  M) ,  185  ( 1 9 5 ) ,  155  ( 2 0 4 ) ,  1 3 6  ( 1 9 2 ) ,  91 ( 1 0 0 0 ) .
A n a l .  C a l c d  f o r  C ^ H ^ N O - ^ S :  C,  6 1 . 8 3 ;  H, 5 . 8 8 ;
N, 4 . 8 1 .  F o u n d :  C,  6 1 . 6 1 ;  H, 5 . 9 1 ;  N, 4 . 7 0 .
( 2 ' - F o r m y l p h e n y l ) 4 - d ^ - M e t h y l b e n z e n e s u l f o n a t e  
(154). S u l f o n a t e  e s t e r  154 wa s  p r e p a r e d  a c c o r d i n g  
t o  t h e  p r o c e d u r e  f o r  t h e  n o n d e u t e r a t e d  a n a l o g  148 e x c e p t  
t h a t  s a l i c y l a l d e h y d e  ( 2  e q u i v a l e n t s ,  0 . 8 2  mL, 7 . 7  mmol )  was  
c o u p l e d  w i t h  4 - d ^ - m e t h y l b e n z e n e s u l f o n y l  c h l o r i d e  ( 0 . 7 3 9  
g ,  3 . 8 3  m m o l ) .  E x c e s s  s a l i c y l a l d e h y d e  was  r e m o v e d  a t  t h e  
e n d  o f  t h e  r e a c t i o n  by k u g e l r o h r  d i s t i l l a t i o n .  The p r o d u c t  
was  p u r i f i e d  by r e c r y s t a l l i z a t i o n  f r o m  c y c l o h e x a n e  t o  y i e l d  
8 3 . U  154 ( 0 . 8 8 7  g ,  3 . 1 3  mmo l ) :  mp 5 9 - 6 l ° C  
( l i t . 61 6 3 - 6 4 ° C ) ;  IR ( K B r )  3 0 8 0 ,  3 0 4 0 ,  2 8 9 0 ,  2 8 7 0 ,
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2 7 6 0  ( CHO) ,  1975 a n d  1950  ( C D ) ,  1695 ( C = 0 ) ,  1 6 0 5 ,  1 9 8 0 ,
1 3 9 5 ,  1380  a n d  1 1 9 5  ( S 0 2 0 ) ,  1 2 8 0 ,  1 180 ,  1 1 60 ,  1 0 8 5 ,  8 6 5 ,
7 8 5 ,  6 9 5 ,  56C , 5 9 5  cm- 1 ; 1 H NMR ( CDC13 ) c f  
7 . 1 3 - 7 . 9 6  (ra,  3H) , 1 0 . 0 6  ( s ,  1 H) ; 1 3C NMR ( C D C l ^  c-T  
1 8 7 . 2 9 ,  1 5 1 . 2 6 ,  1 - 6 . 1 9 ,  1 3 5 . 2 6 ,  1 3 1 . 5 6 ,  1 3 0 . 1 3 ,  1 2 9 . 3 5 ,  
1 2 8 . 7 0 ,  1 2 8 . 5 0 ,  1 2 7 . 5 2 ,  1 2 3 . 7 5 ;  ma s s  s p e c t r u m ,  m/ e
( i n t e n s i t y )  230  ( 2 7 ,  M+1) ,  279  ( 1 1 3 ,  M ) , 278  ( 1 1 5 ) ,  2 7 7  
( 1 6 ) .
o { ' -d^ -2  ' - [  ( N-Met hy lami  n o m e t h y l ) p h en y l  
4 - d ^ - M e t h y l b e n z e n e s u l f o n a t e  (153). S u l f o n a t e  e s t e r  
153 wa s  p r e p a r e d  f r o m  155 ( 0 . 8 8 7  g ,  3 . 1 8  mmol )  a n d  
a q u e o u s  m e t h y l a m i r . e  s o l u t i o n  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  
t h e  n o n d e u t e r a t e d  a n a l o g  199. The 1H NMR s p e c t r u m  
s h o w e d  t h e  i m i n e  CH p e a k  a t  8 . 1 5  ppm a n d  t h e  N - m e t h y l  a t  
3 . 3 3  ppm.  W i t h o u t  f u r t h e r  p u r i f i c a t i o n ,  t h e  i m i n e  was  
r e d u c e d  w i t h  s o d i u m  b o r o d e u t e r i d e  ( 1 . 5  e q u i v a l e n t s ,  0 . 1 9 9  g ,  
4 . 7 6  mmol ,  A l d r i c h )  i n  m e t h a n o l  ( 5 0  mL) a c c o r d i n g  t o  t h e  
p r o c e d u r e  f o r  t h e  s y n t h e s i s  o f  t h e  n o n d e u t e r a t e d  a n a l o g  
151. The  c r u d e  p r o d u c t  was  p u r i f i e d  by c o l u m n  
c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  e t h y l  a c e t a t e )  t o  y i e l d  7 9 . 4 $
153 ( 0 . 6 9 8  g ,  2 . 3 7  m m o l ) :  IR ( n e a t ,  NaCl  p l a t e s )  3340 
( NH) ,  3 0 7 0 ,  3 0 4 0 ,  2 9 8 0 ,  2 9 4 0 ,  2120  ( CD) ,  1930 ( CD) ,  1 6 0 0 ,  
1 5 8 0 ,  1 4 8 5 ,  1 150 ,  1 370 a n d  1135 ( S 0 p 0 ) ,  1 1 55 ,  1 0 8 0 ,  3 6 5 ,
780  cm-1 ; 1 H NMR ( C D C l ^  cT  1 . 66 ( b r  s , 1 H) , 2 . 3  3
( s ,  3 . 1 H ) ,  3 . 5 6  ( b r  s ,  1 H) , 7 . 0 6 - 7 . 3 5  (m,  8H) ; 1 3C NMR
( CDC13 ) cT  1 4 7 . 9 4 ,  14 5 .  5 0 ,  1 3 3 . 0 5 ,  1 3 2 . 7 9 ,  1 30 .  51 ,
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1 2 9 . 9 3 ,  1 2 8 . 3 7 ,  1 2 3 . 1 1 ,  1 2 7 . 1 3 ,  1 2 2 . 3 2 ,  4 9 . 5 5  ( 1 J C[)
= 21 H z ) ,  3 5 . 9 6 ;  a a s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  295  ( 2 " . 7 5 ,  
M) ,  294 ( 1 2 . 5 0 ) ,  253  ( 6 . 4 5 ) ,  292  ( 2 . 1 5 ) ,  291 ( 0 . 0 8 ) ,  153 
( 2 1 ) ,  1 3 7  ( 1 0 0 0 ) ,  ' 3 6  ( 2 3 8 ) .
C r o s s o v e r  r e a c t i o n  o f  147 and 153 (0.05 M s o l u t i o n )  
w i t h  L i t h i u m  D i i s o p r o p y l a m i d e .  E q u i m o l a r  a m o u n t s  o f  t h e  
s u l f o n a t e  e s t e r s  147 ( 0 . 1 4 4  g ,  0 . 4 9 5  mmol )  a n d  153 
( 0 . 1 4 6  g ,  0 . 4 9 5  mmo l )  w e r e  d i s s o l v e d  i n  d r y  THF ( 2 0  mL) i n  
a n  o v e n - d r i e d ,  t h r e e - n e c k e d , r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  
w i t h  a m a g n e t i c  s t i r r e r ,  s e p t u m  c a p  a n d  a n i t r o g e n  i n l e t  a t d  
o u t l e t .  L i t h i u m  d i i s o p r o p y l a m i d e  (LDA) (3 e q u i v a l e n t s ,  3 - 0  
mmol )  wa s  p r e p a r e d  i n  d r y  THF ( 2 0  mL) u n d e r  n i t r o g e n  f r o m  
d i i s o p r o p y l a m i n e  ( 0 . 4 4  mL , 3 . 9  mmol )  a n d  n - b u t y l 1 i t h i u r n  
( 1 . 8  mL o f  a 1 . 6  M s o l u t i o n  i n  h e x a n e ,  3 . 0  mmol )  i n  a n  
o v e n - d r i e d ,  t h r e e - n e c k e d , r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  
a m a g n e t i c  s t i r r e r  a n d  s e p t u m  c a p .  B o t h  s o l u t i o n s  w e r e  
b r o u g h t  t o  - 7 8 ° C  w i t h  Dry I c e - a c e t o n e  b a t h s .  The  
s o l u t i o n  o f  LDA wa s  c a n n u l a t e d  i n t o  t h e  s o l u t i o n  o f  t h e  
s u l f o n a t e  e s t e r s  v i a  a d o u b l e - t i p p e d  n e e d l e .  The  
r e a c t i o n  wa s  m o n i t o r e d  by TLC ( 3  h e x a n e  : 2 e t h y l  a c e t a t e ) .
The  r e a c t i o n  was  q u e n c h e d  a f t e r  f i f t e e n  m i n u t e s  w i t h
m e t h a n o l  ( 1 0  mL) t o  w h i c h  t wo  d r o p s  of  s u l f u r i c  a c i d  h a d
b e e n  a d d e d .  The s o l u t i o n  was  a l l o w e d  t o  warm t o  r oom
t e m p e r a t u r e ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  was  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  c r u d e  p r o d u c t  was  p u r i f i e d  by 
p r e p a r a t i v e  p l a t e  c h r o m a t o g r a p h y  ( 3  h e x a n e  : 2 e t h y l
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a c e t a t e )  t o  y i e l d  2 0 .9 %  o f  t h e  r e a r r a n g e d  p r o d u c t  ( 0 . 0 6 0 5  
g ) :  mp 90 - 9 3 ° C  (mp o f  151 i s  9 1 - 9 3 ° C ) ;  I R ( K B r )
3 3 3 0  ( OH) ,  3 0 7 0 ,  3 0 4 0 ,  2 9 8 0 ,  2 9 3 0 ,  1 9 2 5  ( CD) ,  1 8 1 0  ( CD) ,  
1 6 0 0 ,  1 4 9 5 ,  1 4 6 0 ,  1330 a n d  1160 ( S 0 2 N ) ,  1 2 9 0 ,  1 0 9 0 ,  9 2 0 ,  
8 2 0 ,  750  cm- 1  ; 1 H NMR ( C D C l ^  cT  2.  45 ( s  , 1 . 6 H) ,
2 . 6 6  ( s ,  3 H ) , 4 . 0 6  ( s ,  1 . 4 H ) ,  6 . 8 1 - 7 . 8 5  (m,  9 H ) ; 1 3C NMR 
( CDC13 ) c T  1 5 5 . 8 8  , 1 4 4 . 1 7 ,  1 3 3 - 3 1 ,  1 3 0 . 4 5 ,  1 3 0 . 2 6 ,
1 3 0 . 0 0 , 1 2 7 . 6 5 ,  1 2 0 . 1 1 ,  1 1 7 . 1 8 ,  5 1 . 3 1 ,  3 4 . 4 0 ,  2 1 . 5 9 ;  m a s s  
s p e c t r u m ,  m / e  ( i n t e n s i t y )  295 ( 1 8 5 ) ,  294 ( 2 4 3 ) ,  293 ( 1 2 2 ) ,  
292  ( 2 2 2 ) ,  291 ( 2 2 8 )  .
C r o s s o v e r  r e a c t i o n  o f  147 and 153 (0.0051 M 
s o l u t i o n )  w i t h  L i t h i u m  D i i s o p r o p y l a m i d e .  The p r o c e d u r e  
was  t h e  s a me  a s  f o r  t h e  p r e v i o u s  c r o s s o v e r  r e a c t i o n  e x c e p t  
t h a t  a  0 . 0 0 5 0 9  M s o l u t i o n  o f  1 4 7  ( 0 . 0 4 2 9  g ,  0 . 1 4 8  mmol )  
a n d  153 ( 0 . 0 4 3 5  g ,  0 . 1 4 8  mmol )  i n  d r y  THF ( 50  mL.) was  
t r e a t e d  w i t h  a s o l u t i o n  o f  LDA ( 3  e q u i v a l e n t s ,  0 . 4 4 3  mmol )  
i n  d r y  THF ( 1 0  mL) a t  r oom t e m p e r a t u r e .  The  r e a c t i o n  wa s  
q u e n c h e d  a f t e r  f i f t e e n  m i n u t e s  w i t h  1 0 ? a q u e o u s  s u l f u r i c  
a c i d  s o l u t i o n  ( 1 0  mL) .  The c r u d e  p r o d u c t  was  p u r i f i e d  by 
c o l u mn  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e )  t o  
y i e l d  1 4 . 4 ?  o f  t h e  r e a r r a n g e d  p r o d u c t  ( 0 . 0 1 2 4  g ) :  mp 
9 0 - 9 2 ° C  (mp o f  151 i s  9 1 - 9 3 ° C ) ;  IR ( K B r )  3330  
( OH) ,  1925  ( C D ) ,  1810  ( CD) ,  1330  a n d  1160 ( S 0 2 N) 
cm- 1 ; 1 H NMR ( CDC1 ) d~  2 . 4 5  ( s ,  2 . 5 H ) ,  2 . 6 6  ( s ,
3H) , 4 . 0 6  ( s ,  1 H) , 6 . 8 1 - 7 . 8 5  (m,  9 H) ;  1 3C NMR
(CDC1 3 ) cT 1 3 0 . 3 2 ,  1 3 0 . 0 3 ,  1 2 7 . 6 5 ,  1 2 0 . 0 8 , 1 1 7 . 2 8 ,  5 1 . 4 1 ,
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3*1. 40,  2 1 . 5 8 ;  m a s s  s p e c t r u m ,  m / e  ( i n t e n s i t y )  295 ( 1 1 ) ,  294
( 1 4 7 ) ,  2 9 3  ( 1 5 1 ) ,  2 9 2  ( 4 8 ) ,  291 ( 1 8 8 ) .
N - M e t h y l - b e n z e n e - 4 - t o l u e n e d i s u l f o n i m i d e  ( 1 6 0 )  .
P r e p a r a t i o n  o f  t h e  d i s u l f o n i m i d e  160 was  a c c o m p l i s h e d  by
51f o l l o w i n g  B a u m g a r t e n ' s  p r o c e d u r e  f o r  t h e  g e n e r a t i o n  o f  
t h e  s o d i u m  s a l t  o f  1 1 - m e t h y l -  4 - t o l u e n e s u l f o n a m i d e  ( 3 7 . 2  
g ,  0 . 2 0 1  m o l )  w i t h  s o d i u m  h y d r i d e  i n  DMF f o l l o w e d  by 
t r e a t m e n t  o f  t h i s  s o l u b l e  s o d i u m  s a l t  w i t h  b e n z e n e s u l f o n y l  
c h l o r i d e  (1 e q u i v a l e n t ) .  The  p r o d u c t  was  r e c r y s t a l l i z e d  
f r o m  e t h a n o l  t w i c e  t o  g i v e  8 1 . 1 $  160 ( 5 2 . 9  g ,  0 . 1 6 3  
m o l ) :  mp 9 1 - 9 3 ° C  ( l i t . 66 mp 9 2 - 9 3 ° C ) ;  IR ( K B r )
3 0 6 0 ,  2 9 5 0 ,  2 9 2 0 ,  1 6 0 0 ,  1 4 5 5 ,  1 3 7 0  a nd  1170
( S 0 2 NS02 ) ,  1080 ( C S ) ,  8 2 0 ,  7 3 0 ,  680 cm- 1 ; 1 H
NMR ( CDC13 ) oT  2 . 4 2  ( s ,  3H) , 3 - 2 7  ( s ,  3H) , 7 . 2 7 - 8 . 1 3  (m,
9 H) ; 1 3 C NMR ( CDC1 ) c T  1 4 5 . 0 2  , 1 3 9 . 2 3 ,  1 3 6 . 1  7,
1 3 3 . 8 3 ,  1 2 9 . 7 4 ,  1 2 9 . 0 9 ,  1 2 7 . 8 5 ,  1 2 6 . 9 4 ,  3 4 . 7 3 ,  2 1 . 5 9 .  A n a l .  
C a l c d  f o r  C 1 ^  5 NOl4 S2 : C,  5 1 . 6 7 ;  H, 4 . 6 4 ;  N,
4 . 3 0 .  F o u n d :  C, 5 2 . 0 2 ;  H, 4 . 6 7 ;  N, 4 . 3 3 .
R e a c t i o n  o f  160 w i t h  n - B u t y l l i t h i u m  a t  
- 7 8 ° C .  The  d i s u l f o n i m i d e  160 ( 3 . 0 0  g ,  9 . 2 2
mmol )  wa s  d i s s o l v e d  i n  d r y  THF ( 5 0  mL) u n d e r  n i t r o g e n  i n  an 
o v e n - d r i e d ,  t h r e e - n e c k e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  
a  m a g n e t i c  s t i r r e r ,  s e p t u m  c a p  a n d  a n i t r o g e n  i n l e t  a n d  
o u t l e t .  The  s o l u t i o n  was  c o o l e d  t o  - 7 8 ° C  w i t h  a Dr y 
I c e - a c e t o n e  b a t h .  r i - B u t y l l  i t h i  um (2 e q u i v a l e n t s ,  11 mL 
o f  a  1 . 6  M s o l u t i o n  i n  h e x a n e ,  0 . 1 8  mmol )  was  a d d e d  t o  t h e
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s o l u t i o n  v i a  s y r i n g e ;  t h e  s o l u t i o n  t u r n e d  a b l a c k i s h - r e d  
c o l o r .  T h e  r e a c t i o n  w a s  m o n i t o r e d  by  TLC ( c h l o r o f o r m ) .  The  
r e a c t i o n  was  q u e n c h e d  a f t e r  o n e  h o u r  w i t h  w a t e r  (3 mL) a n d  
t h e n  i t  wa s  a l l o w e d  t o  war m t o  r oom t e m p e r a t u r e .  Th e  THF 
was  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  a n d  t h e  r e m a i n i n g  w a t e r  
was  e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  ( 3 0  m L ) . 
The  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  c r u d e  o i l  was  p u r i f i e d  by c o l u m n  
c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  c h l o r o f o r m )  t o  y i e l d  t wo i m p u r e  
f r a c t i o n s  a l o n g  w i t h  many  u n r e s o l v e d  b a n d s .  The t wo  i m p u r e  
s u b s t a n c e s  w e r e  r e p u r i f i e d  by p r e p a r a t i v e  p l a t e  
c h r o m a t o g r a p h y  ( c h l o r o f o r m )  t o  y i e l d  2 2 . 5 % r e c o v e r e d  
s t a r t i n g  m a t e r i a l  160  ( 0 . 6 7 6  g ,  2 . 0 8  m m o l ) :  mp 
90 - 9 2 ° C  ( l i t . 66 mp 9 2 - 9  3 °  C ) ;  I R  ( KBr )  1 370 a n d  
1170  ( S 0 2 NS02 ) cm- 1 ; 1 H NMR ( C D C l ^  c f
2 . 4 2  ( s ,  3H) ,  3 . 2 7  ( s ,  2 H ) ,  7 . 2 7 - 8 . 1 3  (m,  9 H ) ;  and  1 . 7 3 % o f  
N - m e t h y l - 4 - t o l u e n e s u l f o n a m i d e  ( 1 6 1 )  ( 0 . 0 2 9 6  g ,  0 . 1 5 9  
m m o l ) :  mp 7 4 - 7 6 ° C  ( l i t . 67 mp 7 6 - 7 9 ° C ) ;  IR ( KBr )
3 2 8 0  ( NH) ,  3 0 5 0 ,  2 9 6 0 ,  2 9 2 0 ,  2 8 6 0 ,  1 5 9 0 ,  1 4 4 0 ,  1 3 2 0  a n d  1 1 5 0  
( S 0 2 N) ,  1 080 ,  8 3 0 ,  8 2 0 ,  71 0 ,  680  cm- 1 ; 1 H NMR 
( CDC13 ) </ *  2 . 5 0  ( s ,  3H) , 2 . 6 3  ( d ,  3H) , 4 . 5 0  ( b r  s ,  1 H) , 
7 . 2 5 - 7 . 8 0  (m,  4H) ; 1 3 C NMR ( C D C l ^ c T  1 3 5 . 9 1 ,  1 3 2 . 6 6 ,
1 2 9 . 7 4 ,  1 2 7 . 2 6 ,  2 9 . 3 3 ,  2 1 . 5 3 .
R e a c t i o n  o f  160 w i t h  n - B u t y l l i t h i u m  a t  Room 
T e m p e r a t u r e  The  r e a c t i o n  p r o c e d u r e  was  t h e  s a me  a s  f o r
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t h e  r e a c t i o n  a t  - 7 8 ° C  e x c e p t  t h a t  t h e  d i s u l f o n i m i d e  
160 ( 1 . 1 4  g ,  3 - 4 9  mmol )  wa s  t r e a t e d  w i t h  
n - b u t y l l i t h i u r n  (3 e q u i v a l e n t s ,  6 . 5  mL o f  a 1 . 6  M 
s o l u t i o n  i n  h e x a n e ,  0 . 0 1 0  m o l )  a t  r o o m t e m p e r a t u r e .  T h e  
c r u d e  p r o d u c t  was  p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  
g e l ,  c h l o r o f o r m )  t o  y i e l d  5 .92%  160  ( 0 . 0 6 7 2  g ,  0 . 2 0 6  
mmo l ) ;  I R  ( KBr )  1370 a n d  1170 (SC>2 NS02 ) ,  1080 (CS)  
cm- 1 ; 1 H NMR ( C D C l ^  c T  2.  4 ( s ,  3H) , 3 - 3  ( s ,  3H) ,
7 . 3 - 8 . 1  (m,  9 H ) ; a n d  2 7 .7% o f
N - m e t h y l - 4 - t o l u e n e s u l f o n a m i d e  ( 1 6 1 )  ( 0 . 1 7 0  g ,  0 . 9 6 5  
mmo l ) :  I R  ( KBr )  3280  ( NH) , 1 320  a n d  1150 ( S 0 2 N) 
cm- 1 ; 1 H NMR ( CD Cl  3 ) 2 . 5 0  ( s ,  3H) , 2 . 6 2  ( d ,
3 H ) ,  4 . 5 0  ( b r  s ,  1 H ) ,  7 . 2 5 - 7 . 8 0  (m,  4 H ) .
N - M e t h y l - B e n z e n e s u l f o n a m i d e  ( 1 6 7 )  .
M e t h o d  1 : ^ ® P o t a s s i u m  h y d r o x i d e  ( 2 2 . 1  g ,  1 . 5 8  m o l )  
a n d  a q u e o u s  m e t h y l a m i n e  s o l u t i o n  ( 1 . 5  e q u i v a l e n t s ,  5 . 4  mL o f  
a 40^  s o l u t i o n )  w e r e  d i s s o l v e d  i n  w a t e r  ( 1 0 0  mL) i n  a 500 - mL 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a n d  a 
p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l .  B e n z e n e s u l f o n y l  
c h l o r i d e  ( 3 3 . 5  mL, 0 . 2 6 3  m o l )  wa s  a d d e d  s l o w l y .  T h e  
a d d i t i o n  f u n n e l  was  e x c h a n g e d  f o r  a  r e f l u x  c o n d e n s e r  a n d  t h e  
m i x t u r e  was  h e a t e d  i n  a h o t  w a t e r  b a t h  a t  8 0° C f o r  t w o  
h o u r s .  Th e  pH o f  t h e  s o l u t i o n  w a s  m o n i t o r e d  a n d  k e p t  b a s i c  
t h r o u g h  t h e  a d d i t i o n  o f  a q u e o u s  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  
(10%) The s o l u t i o n  was  c o o l e d  t o  r o o m t e m p e r a t u r e
a n d  t h e  p r e c i p i t a t e  f i l t e r e d .  T h e  s o l i d  was  r e c r y s t a l l i z e d
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f r o m  e t h a n o l  t o  y i e l d  2 2 . 2 % o f
N - m e t h y l - b i s - b e n z e n e d i s u l f o n i m i d e  ( 1 6 6 )  ( 9 . 0 9  g ,
0 . 2 9 2  m o l ) :  mp 1 1 0 - 1 1 1 °C ( l i t . 66 mp 1 1 1 - 1 1 2 ° C ) ;
IR ( KBr )  3 0 8 0 ,  3 0 2 0 ,  2 9 6 0 ,  1 5 9 0 ,  1 4 6 0 ,  1 3 8 0  and  1180 
( S 0 2 NS02 ) ,  1090 ( C S ) ,  335 ( SMS) ,  7 2 0 ,  690 c m ' 1 ;
1 H NMR ( CD Cl  ^ ) c/~ 3 - 2 6  ( s ,  3H) , 7 . 5 -8 . 1 ( m,  10H) ;
1 3C NMR ( CDC13 ) c/^ 139 .  17 ; 1 3 3 - 9 0 ,  1 2 9 . 0 9 ,  1 2 7 . 9 2 ,
3 4 . 7 9 ;  m a s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  311 ( 4 6 ,  M ) , 247  ( 7 1 ) ,  
170  ( 1 8 ) ,  156 ( 1 5 4 ) ,  143 ( 1 1 7 ) ,  142 ( 1 2 0 ) ,  141 ( 5 3 7 ) ,  78 
( 1 4 4 ) ,  77 ( 1 0 0 0 ) .  A n a l .  C a l c d  f o r  
C l 3 H1 3 N04 S 2 : C,  5 0 . 1 5 ;  H, 4 . 2 0 ;  N, 4 . 5 0 .
F o u n d :  C,  5 0 . 4 4 ;  H, 4 . 1 5 ;  N, 4 . 5 5 .  Th e  b a s i c  w a t e r  f i l t r a t e
was  n e u t r a l i z e d  w i t h  a q u e o u s  s u l f u r i c  a c i d  s o l u t i o n  ( 1 0 $ )
a n d  e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  ( 3 0 0  m L ) .
Th e  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  was  r e m o v e d
u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  2 5 . 2 $  1 6 7  ( 1 1 . 3  g ,
0 . 0 6 6 1  m o l ) :  bp 1 3 5 ° C ,  0 . 1mm ( l i t . 70 bp 2 0 2 ° C ,
17 mm);  IR ( n e a t ,  Na Cl  p l a t e s )  3 3 0 0  ( NH) ,  3 0 8 0 ,  3 0 0 0 ,  2 9 6 0 ,
2 9 2 0 ,  1 4 8 0 ,  1 4 5 5 ,  1325  a n d  1170 ( S 0 2 N ) ,  1 1 0 0 ,  1 0 8 0 ,  8 4 0 ,
760  c m ' 1 ; 1 H NMR ( CDC13 ) cT 2 . 6 3  ( d  , 3H) , 4 . 6 3
( b r  s ,  1 H) , 7 . 2 3 - 7  . 95 (m,  5 H ) ; 1 3C NMR ( C D C l ^  cT
1 3 8 . 5 8 ,  1 3 2 . 5 4 ,  1 2 3 . 9 6 ,  1 2 7 . 0 1 ,  2 9 . 0 7 ;  m a s s  s p e c t r u m ,  m/ e
( i n t e n s i t y )  173 ( 7 1 ,  M + 2 ) ,  172 ( 1 37 ,  M+1 ) , 1 71 ( 1 0 0 0 ,  M) ,
141 ( 7 7 8 ) ,  125 ( 1 7 0 ) ,  106 ( 3 9 6 ) ,  94 ( 2 2 9 ) ,  77 ( 1 0 0 0 ) .
7 1M e t h o d  2 :  A p h a s e - t r a n s f e r  p r o c e d u r e  wa s  e m p l o y e d
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w h e r e  p o t a s s i u m  h y d r o x i d e  ( 2 2 . 1  g ,  1 . 5 8  m o l )  a n d  a q u e o u s  
m e t h y l a m i n e  s o l u t i o n  ( 1 . 5  e q u i v a l e n t s ,  5 . 4  mL o f  a U0% 
s o l u t i o n )  w e r e  d i s s o l v e d  i n  w a t e r  ( 7 0  mL) i n  a 5 0 0 - mL 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r  a n d  a 
p r e s s u r e - e q u a l i z i n g  a d d i t i o n  f u n n e l .  A s o l u t i o n  o f  
b e n z e n e s u l f o n y l  c h l o r i d e  ( 35 mL, 0 . 2 7  m o l )  i n  e t h e r  ( 1 0 0  
mL) wa s  a d d e d  s l o w l y .  T h e  m i x t u r e  wa s  s t i r r e d  f o r  t w e l v e  
h o u r s .  The  e t h e r  l a y e r  wa s  s e p a r a t e d  f r o m  t h e  a q u e o u s  
l a y e r .  Th e  a q u e o u s  l a y e r  was  e x t r a c t e d  f i v e  t i m e s  w i t h  
e t h e r  ( 4 0 0  m L ) . The  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  a l i q u i d  ( 1 7 . 9  g ) .
By i n t e g r a t i o n  o f  t h e  m e t h y l  p e a k s  i n  t h e  p r o t o n  NMR, t h e  
c o m p o s i t i o n  was  c a l c u l a t e d  t o  b e  7 9 . 4% 1 6 7  a n d  2 0 . 5 $
1 6 6 .  The  w a t e r  w a s  a c i d i f i e d  a n d  r e e x t r a c t e d  t h r e e
t i m e s  w i t h  e t h e r  ( 9 0  mL ) . The  c o m b i n e d  o r g a n i c  l a y e r s  w e r e
d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e
s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e  t o  y i e l d  167
( 7 . 0 9  g ) :  IR ( K B r )  3 3 0 0  ( NH) ,  1325  a n d  1170 ( S 0 2 N)
cm- 1 ; 1 H NMR ( CDC1 3 ) oT 2 . 6 3  ( d , 3 H) ,  4 . 6 3  ( b r  s ,
1 H ) , 7 . 2 3 - 7 . 7 5  ( m,  5 H ) . The  t o t a l  y i e l d  o f  1 6 7  wa s  
4 5 . 3 $  ( 2 1 . 3  g ,  0 . 1 2 4  m o l ) .  The  y i e l d  o f  1 6 6  b a s e d  on  
t h e  1 H NMR d a t a  wa s  8 . 9 6 $  ( 3 . 6 6  g ,  0 . 0 1 1 8  m o l ) .
N - M e t h y l - b i  s - b e n z e n e d i  s u l f o n i  mi de 
( 1 6 6 ) . ^ " '  P r e p a r a t i o n  o f  t h e  d i  s u l  f  o n i  mi de 1 6 6  
wa s  a c c o m p l i s h e d  by  f o l l o w i n g  B a u m g a r t e n ’ s p r o c e d u r e  o f  t h e
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g e n e r a t i o n  o f  t h e  s o d i u m  s a l t  o f  167  ( 1 7 . 0  g ,  0 . 0 9 9 3  
m o l )  w i t h  s o d i u m  h y d r i d e  i n  DMF f o l l o w e d  by  t r e a t m e n t  o f  
t h i s  s o l u b l e  s o d i u m  s a l t  w i t h  b e n z e n e s u l f o n y l  c h l o r i d e  ( 1 . 5  
e q u i v a l e n t s ,  1 9 . 0  mL, 0 . 1 4 9  m o l ) .  Th e  p r o d u c t  was  
r e c r y s t a l l i z e d  f r o m  e t h a n o l  t o  g i v e  39 . 1% y i e l d  o f  166 
( 1 2 . 1  g ,  0 . 0 3 8 8  m o l ) :  mp 1 1 1 - 1 1 2°C ( l i t . 66 mp 
1 1 1 - 1 1 2 ° C ) ;  I R ( K B r )  1 330 a n d  1130  ( S 0 2 NSC>2 ) 
cm- 1 ; 1 H NMR ( C D C l ^ c T  3 . 2 6  ( s ,  3H) , 7 . 5 - 8 .  1 (m,
10 H) .
R e a c t i o n  o f  166 w i t h  n - B u t y l l i t h i u m  (2  
e q u i v a l e n t s ) .  D i s u l f o n i m i d e  166 ( 0 . 5 2 2  g ,  1 . 6 8  
mmol )  wa s  d i s s o l v e d  i n  d r y  THF ( 5 0  mL) u n d e r  n i t r o g e n  i n  an 
o v e n - d r i e d ,  t h r e e - n e c k e d ,  r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  
a  m a g n e t i c  s t i r r e r ,  s e p t u m  c a p  a n d  a n i t r o g e n  i n l e t  a n d  
o u t l e t .  n - B u t y l l i t h i u m  (2 e q u i v a l e n t s ,  2 . 1  mL o f  a 1 . 6  
M s o l u t i o n  i n  h e x a n e ,  3 - 3  mmol )  wa s  a d d e d  t o  t h e  s o l u t i o n  
v i a  s y r i n g e .  The s o l u t i o n  t u r n e d  b r o w n  i m m e d i a t e l y .
T h e  r e a c t i o n  was  m o n i t o r e d  by  TLC ( m e t h y l e n e  c h l o r i d e ) .  
D u r i n g  o n e  a n d  o n e - h a l f  h o u r s  no c h a n g e  wa s  o b s e r v e d .  The  
r e a c t i o n  wa s  q u e n c h e d  w i t h  w a t e r  ( 1 0  mL) a n d  t h e  THF wa s  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  r e m a i n i n g  a q u e o u s  
m i x t u r e  wa s  e x t r a c t e d  t h r e e  t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  
(60 mL ) .  The c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  c r u d e  m a t e r i a l  was  
p u r i f i e d  by c o l u mn  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e
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c h l o r i d e )  t o  g i v e  4 4 . 6 $  r e c o v e r e d  s t a r t i n g  m a t e r i a l  166  
( 0 . 2 3 3  g ,  0 . 7 4 9  m m o l ) :  mp 1 0 9 - 1 1 1 °C ( l i t . 66 mp 
1 1 1 - 1 1 2 ° C ) ;  IR ( K B r )  1 380 a n d  1180  ( S 0 2 NS02 ) 
cm- 1 ; 1 H NMR ( C D C l ^ ^  3 - 2 6  ( s ,  3H) , 7 . 5  - 8 .  1 (m,
1 0 H) ;  2 8 . 7 $  o f  _N- me t hy l  b e n z e n e s u l f  ona mi  de  ( 167 )
( 0 . 0 8 2 3  g ,  0 . 4 8 1  m m o l ) :  IR ( N a C l  p l a t e s )  3 3 0 0  ( NH) ,  1 325  and 
1170 ( S 0 2 N) cm- 1 ; 1 H NMR ( C D C l ^  ^  2 . 6 3  ( d ,
3 H ) ,  4 . 6 3  ( b r  s ,  1 H ) ,  7 . 2 3 - 7 . 7 5  (m,  5 H ) ;  a n d  2 2 . 0 $  p h e n y l  
n - b u t y l  s u l f o n e  ( 1 6 8 )  ( 0 . 0 7 3 1  g ,  0 . 3 6 9  m m o l ) :  bp 
1 6 5 - 1  6 7 ° C ( l i t . 72 b p  1 6 5 - 1  7 0 ° C , 1mm);  IR ( n e a t ,
NaCl  p l a t e s )  3 0 8 0 ,  2 9 8 0 ,  2 9 5 0 ,  2 8 9 0 ,  1 5 9 0 ,  1 4 5 5 ,  1320 a n d  
1150  ( S 0 2 ) ,  1 090 ,  7 3 0 ,  6 9 0 ,  600 cm- 1 ; 1 H NMR 
( CDC13 ) cT 0 . 9 0  ( t ,  3 H ) , 1 . 2 0 - 1 . 8 3  (m,  4H) , 3 - 1 0  ( t ,  2H) , 
7 . 4 0 - 7 . 9 6  (m,  5 H ) ; 1 3 C NMR ( CDC13 ) cT  1 3 9 . 3 0 ,  1 3 3 - 6 0 ,
1 2 9 . 2 5 ,  1 2 8 . 0 1 ,  5 6 . 0 9 ,  2 4 . 6 5 ,  2 1 . 5 3 ,  1 3 - 4 9 ;  m a s s  s p e c t r u m ,  
m / e  ( i n t e n s i t y )  199 ( 2 1 ,  M+1 ) , 1 98 ( 1 5 0 ,  M) ,  1 43 ( 1 0 0 0 ) ,  1 4? 
( 3 6 0 ) ,  134  ( 1 0 3 ) ,  1 3 3  ( 2 8 6 ) ,  1 3 2  ( 3 4 1 ) ,  1 2 5  ( 2 0 4 ) ,  105 
( 4 8 2 )  , 57 ( 9 3 8 ) .
R e a c t i o n  o f  166 w i t h  n - B u t y l l i t h i u m  ( 3  
e q u i v a l e n t s ) .  The p r o c e d u r e  wa s  t h e  s a me  a s  f o r  t h e  
r e a c t i o n  w i t h  2 e q u i v a l e n t s  o f  _ n - b u t y l l  i t h i  um e x c e p t  
t h a t  166  (1 - 0 1 g , 3 . 2 3  mmol )  wa s  t r e a t e d  w i t h  
n - b u t y l l i t h i u m  (3 e q u i v a l e n t s ,  6 . 0  mL o f  a  1 . 6  M 
s o l u t i o n  i n  h e x a n e ,  9 . 7  m m o l ) .  T h e  c r u d e  m a t e r i a l  was  
p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  
c h l o r i d e )  t o  g i v e  1 . 5 $  y i e l d  o f  r e c o v e r e d  s t a r t i n g  m a t e r i a l
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166  ( 0 . 0 1 5  g ,  0 . 0 4 8  m m o l ) :  IR ( K B r )  1380 a n d  1 180 
( S 0 2 NS02 ) c m ' 1 ; 1 H NMR (CDC1 3 - 2 6
( s ,  3H) , 7 . 5 - 3 . 1  ( m,  10 H ) ; 4 2 . 9% y i e l d  o f  167 ( 0 . 2 3 7  g ,
1 . 3 8  m m o l ) :  IR ( n e a t ,  NaCl  p l a t e s )  3 3 0 0  ( NH) ,  1325  a n d  1170  
( S 0 2 N) c m ' 1 ; 1 H NMR C D C l ^  cT 2.  63 ( d  , 3H) ,
4 . 6 3 ( b r  s ,  1H) ,  7 . 2 3 - 7 . 7 5  (m,  5 H ) ;  and  2 9 . 4 ?  y i e l d  o f  
168 ( 0 . 1 8 8  g ,  0 . 9 4 7  mmo l ) :  I R ( n e a t ,  NaCl  p l a t e s )  1320 
a n d  1150 ( S 0 2 ) c m ' 1 ; 1 H NMR ( CD C l 3 ) 0 . 9 0
( t ,  3 H ) ,  1 . 2 0 - 1 . 8 3  ( m, 4 H ) ,  3 - 1 0  ( t ,  2 H ) ,  7 . 4 0 -  7 . 9 6  (m,
5 H ) ; m a s s  s p e c t r u m  m / e  198 ( M) .
N - P h e n y l - 4 - t o l u e n e s u l f o n a m i d e . A n i l i n e  ( 1 5 . 0  
mL, 0 . 1 6 5  mo l )  was  d i s s o l v e d  i n  m e t h y l e n e  c h l o r i d e  ( 3 0 0  mL) 
i n  a 500- mL r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  
s t i r r e r .  P y r i d i n e  ( 1 3 - 3  mL, 0 . 1 6 5  mo l )  a n d  t h e n  
4 - t o l u e n e s u l f o n y l  c h l o r i d e  ( 3 1 . 4  g ,  0 . 1 6 5  m o l )  w e r e  a d d e d  
s u c c e s s i v e l y .  A w a t e r  b a t h  was  u s e d  t o  a b s o r b  t h e  h e a t  o f  
t h e  r e a c t i o n .  A f t e r  b e i n g  s t i r r e d  f o r  o n e - h a l f  h o u r ,  t h e
s o l u t i o n  was  w a s h e d  t h r e e  t i m e s  w i t h  w a t e r  ( 300  mL) . T h e
o r g a n i c  l a y e r  was  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  
f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .
T h e  p r o d u c t  was p u r i f i e d  by s h o r t  f u n n e l  c h r o m a t o g r a p h y  
( s i l i c a  g e l  t y p e  6 0 ,  f o r  TLC,  m e t h y l e n e  c h l o r i d e )  a n d  t h e n  
by  r e c r y s t a l l i z a t i o n  f r o m e t h a n o l  t o  g i v e  7 8 . 7%
N - p h e n y l - 4 - t o l u e n e s u l f o n a m i d e  ( 3 2 . 0  g ,  0 . 1 3 m o l ) :  mp 
9 4 - 9 5 . 5°C ( l i t . 76 mp 1 0 3 ° C ) ,  IR ( KBr )  3240
( NH) ,  3 0 9 0 ,  3 0 5 0 ,  3 0 2 0 ,  2 9 6 0 ,  2 9 0 0 ,  1 6 0 0 ,  1 4 90 ,  1 4 7 0 ,  1 ^ 1 0 ,  
1340  a n d  1150 (SO N ) ,  1 3 2 0 ,  1 2 9 0 ,  1 1 9 0 ,  1 0 9 0 ,  9 0 0 ,  8 1 0 ,
7 0 0 ,  560 c m " 1 ; 1 H NMR ( C D C l ^ c T  2 . 3 3  ( s ,  3H) ,
6 . 9 3 - 7 . 7 0  (m,  9H) ; 1 3C NMR ( C D C l ^ c T  1 4 3 . 7 8 ,  1 3 6 . 6 3 ,
1 3 6 . 1 1 ,  1 2 9 . 6 1 ,  1 2 9 . 2 2 ,  1 2 7 . 2 6 ,  1 2 5 . 1 8 ,  1 2 1 . 4 1 ,  2 1 . 4 6 .
A n a l .  C a l c d  f o r  C ^ H ^ N O ^ :  C,  6 3 . 1 4 ;  H, 5 - 3 0 ;
N, 5 . 6 7 .  F o u n d :  C,  6 3 . 4 2 ;  H, 5 . 2 7 ;  N, 5 . 6 3 .
N - M e t h y l - N - p h e n y l -4  - t o l u e n e s u l f o n a m i  de 
( 1 7 0 ) .  N - P h e n y l - 4 - t o l u e n e s u l f o n a m i d e  ( 1 0 . 0  g ,
0 . 0 4 0 5  m o l )  a n d  p o t a s s i u m  h y d r o x i d e  ( 2 . 2 7  g ,  0 . 0 4 0 5  mo l )  
w e r e  d i s s o l v e d  i n  e t h a n o l  ( 1 5 0  mL) i n  a 5 0 0 -mL 
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a. m a g n e t i c  s t i r r e r ,  
l o d o m e t h a n e  (3 e q u i v a l e n t s ,  7 . 5  mL, 0 . 1 2  m o l )  was  a d d e d  t o  
t h e  s o l u t i o n .  T h e  r e a c t i o n  wa s  m o n i t o r e d  by TLC ( m e t h y l  on e  
c h l o r i d e ) .  D u r i n g  t h r e e  d a y s  t h e  TLC r e m a i n e d  u n c h a n g e d ;  a 
s m a l l  a mo u n t  o f  s t a r t i n g  m a t e r i a l  was  a l w a y s  p r e s e n t .  The  
s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e ,  e t h y l  a c e t a t e  
( 6 0  mL) was  a d d e d  a n d  t h e  s o l u t i o n  was  w a s h e d  t wo  t i m e s  w i t h  
w a t e r  ( 40  mL) .  The  o r g a n i c  l a y e r  was  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  
r e d u c e d  p r e s s u r e .  The  c r u d e  p r o d u c t  was  r e c r y s t a l l i z e d  
t w i c e  f r o m  e t h a n o l  t o  y i e l d  8 6 . Q% 170 ( 9 . 1 8  g ,  0 . 0 3 5 2  
m o l ) :  mp 9 2 - 9 3 ° C  ( l i t . 62 mp 9 4 ° C ) ;  IR ( KBr )
3 0 6 0 ,  2 9 0 0 ,  1 5 9 0 ,  1 4 8 0 ,  1340 a n d  1160 ( S 0 5 n ) ,  1 1 40 ,
1 0 8 0 ,  1 0 5 0 ,  8 5 0 ,  7 9 0 ,  7 0 0 ,  6 4 0 ,  550 c m " 1 ; 1 H NMR
1 41
( CDC13 ) cT 2 . 4 3  ( s ,  3H) , 3 . 1 8  ( s ,  3H) , 7 . 0 0 - 7 . 5 0  (m,  9H) ;
1 3 C NMR ( CDC13 ) cT  1 4 3 . 5 2 ,  1 4 1 . 7 0 ,  1 3 3 - 7 0 ,  1 2 9 - 3 5 ,
1 2 8 . 8 3 ,  1 2 7 . 9 2 ,  1 2 7 . 2 6 ,  1 2 6 . 6 8 ,  3 8 . 1 1 ,  2 1 . 5 2 ;  m a s s  s p e c t r u m ,  
m / e  ( i n t e n s i t y )  263 ( 3 7 ,  M+ 2 ) ,  262 ( 1 0 3 ,  M+1) ,  261 ( 5 9 3 ,  M) ,  
197 ( 2 3 2 ) ,  156  ( 1 1 0 ) ,  106  ( 1 0 0 0 ) ,  91 ( 3 9 3 ) .  A n a l .  C a l c d  f o r  
C 1 4 H1 5 N02 S:  C,  6 4 . 4 3 ;  H, 5 . 7 9  ; N, 5 . 3 6 .  F o u n d :
C,  6 4 . 2 3 ;  H, 5 . 7 2 ;  N, 5 . 3 2 .
R e a c t i o n  o f  170 w i t h  n - B u t y l l i t h i u m .
S u l f o n a m i d e  170 ( 1 . 0 1  g ,  3 . 8 6  mmol )  was  d i s s o l v e d  i n  d r y  
THF ( 1 5  mL) u n d e r  n i t r o g e n  i n  a n  o v e n - d r i e d ,  t h r e e - n e c k e d ,  
r o u n d - b o t t o m e d  f l a s k  e q u i p p e d  w i t h  a  m a g n e t i c  s t i r r e r ,  
s e p t u m  c a p  a n d  a n i t r o g e n  i n l e t  a n d  o u t l e t .  A w a t e r  b a t h  
was  u s e d  t o  a b s o r b  t h e  h e a t  o f  t h e  r e a c t i o n .  
r i - B u t y l l  i  t h i  um ( 2  e q u i v a l e n t s ,  4 . 8  mL o f  a 1 . 6  M 
s o l u t i o n  i n  h e x a n e ,  7 . 7  mmol )  wa s  a d d e d  a l l  a t  o n c e  v i a  
s y r i n g e .  T h e  s o l u t i o n  t u r n e d  b r o w n  i m m e d i a t e l y .  T h e  
r e a c t i o n  was  m o n i t o r e d  by TLC ( c h l o r o f o r m )  a n d  a f t e r  f i f t e e n  
m i n u t e s ,  a l l  t h e  s t a r t i n g  m a t e r i a l  was  g o n e .  T h e  r e a c t i o n  
was  q u e n c h e d  w i t h  w a t e r  (3 mL ) ,  a n d  t h e  THF was  r e m o v e d  
u n d e r  r e d u c e d  p r e s s u r e .  T h e  r e m a i n i n g  a q u e o u s  m i x t u r e  wa s  
e x t r a c t e d  t h r e e  t i m e s  w i t h  e t h y l  a c e t a t e  (90 mL) .  The 
c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  
s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t  r e m o v e d  u n d e r  r e d u c e d  
p r e s s u r e .  The  c r u d e  s o l i d  was  r e c r y s t a l l i z e d  f r o m  e t h a n o l  
a n d  t h e n  f r o m  m e t h a n o l  t o  y i e l d  2 9 .7% ( 2 - M e t h y l  ami  n o ) p h e n y l  
4 - t o l y l  s u l f o n e  ( 1 7 1 )  ( 0 . 3 0 0  g ,  1 . 1 5  mmo l ) :  mp
1 A 2
1 3 5 - 1  36°C ( l i t . 35 mp 1 3 ^ - 1  3 5 ° C );  IR ( K B r )  3400
( NH) ,  3 0 4 0 ,  2 8 9 5 ,  2 8 0 0 ,  1 6 0 0 ,  1 5 6 0 ,  1 4 6 0 ,  1 3 2 5 ,  1 2 8 5  and
1 1 4 0  ( S 0 2 ) ,  1 0 8 0 ,  8 0 0 ,  7C0 ,  6 4 0 ,  5 6 0 ,  510  cm- 1 ;
1 H NMR ( C D C l ^ c ^  1 . 5 5  ( s ,  1 H) , 2 . 3 8  ( s ,  3H) , 2 . 8 2  
( s ,  3H) , 6 . 1 3 - 7 . 9 0  (m,  8 H ) ; 1 3C NMR ( CDCl g )  c f  
1 4 7 . 8 8 ,  1 4 3 . 7 8 ,  1 3 9 . 1 7 ,  1 3 5 . 2 0 ,  1 3 0 . 3 2 ,  1 2 9 . 6 1 ,  1 2 6 . 8 1 ,
1 2 1 . 6 1 ,  1 1 5 . 8 9 ,  1 1 1 . 7 2 ,  3 0 . 0 4 ,  2 1 . 5 3 ;  ma s s  s p e c t r u m ,  m / e  
( i n t e n s i t y )  2 6 3  ( 1 0 6 ,  M+2) ,  2 6 2  ( 3 0 7 ,  M+1) ,  261 ( 1 0 0 0 ,  M ) , 
197 ( 1 9 4 ) ,  196 ( 7 2 8 ) ,  182 ( 6 2 2 ) ,  106 ( 2 5 5 ) ,  105 ( 1 0 0 0 ) ,  91 
( 3 4 9 ) ,  78  ( 5 1 7 ) ,  77 ( 6 9 0 ) .  A n a l .  C a l c d  f o r
C 1i jH1 5 N02 S:  C,  6 4 . 4 3 ;  H, 5 . 7 9 ;  N, 5 - 3 6 .  Fou n d :
C,  6 4 . 2 0  ; H, 5 . 6 9  ; N, 5 . 3 2 .
N - d ^ - M e t h y l - N - p h e n y l - 4 - d ^ - m e t h y l b e n z e n e -  
s u l f o n a m i d e  ( 1 7 2 ) .  A n i l i n e  ( 1 . 1  e q u i v a l e n t s ,  0 . 1 7  mL,
1 . 8  mmol )  was  c o u p l e d  t o  4 - d ^ - m e t h y l b e n z e n e s u l f o n y l
c h l o r i d e  ( 0 . 3 2 1  g ,  1 . 6 6  mmo l )  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r
t h e  s y n t h e s i s  o f  N - p h e n y l - 4 - t o l u e n e s u l f o n a m i d e . The
c r u d e  p r o d u c t  was  p u r i f i e d  by c o l u mn  c h r o m a t o g r a p h y  ( s i l i c a
g e l ,  m e t h y l e n e  c h l o r i d e )  t o  y i e l d
N _ - p h e n y l - 4 - d ^ - m e t  h y l  b e n z e n  e s u l  f  onami  de  : IR ( KBr )
3 2 6 0  ( NH) ,  3 0 2 0 ,  2 9 6 0 ,  2 8 6 0 ,  1920  ( CD) ,  1 6 0 0 ,  1 4 9 0 ,  1 4 0 0 ,
1 3 4 0  a n d  1150 ( S 0 2 N) ,  1 3 2 0 ,  1 2 7 0 ,  1 0 8 0 ,  9 1 0 ,  7 5 0 ,  5 7 0 ,
550  c m- 1 ; 1 H NMR ( C D C l ^ c / '  2 . 3 3  ( b r  s ,  0 . 2  H) ,
3 . 5 5  ( b r  s ,  1 H ) ,  6 . 9 3 - 7 . 7 0  (m,  9 H ) .  W i t h o u t  f u r t h e r  
p u r i f i c a t i o n ,  t h e  s u l f o n a m i d e  was  d i s s o l v e d  i n  e t h a n o l  (50
m L ) , a n d  p o t a s s i u m  h y d r o x i d e  (2  e q u i v a l e n t s ,  0 . 1 9  g ,  3 - 3  
mmol )  a n d  t h e n  d ^ - i o d o m e t h a n e  ( 0 . 2 2  mL, 3 - 3  mmol ,
A l d r i c h )  w e r e  a d d e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  f o r  t h e  
s y n t h e s i s  o f  t h e  n o n d e u t e r a t e d  a n a l o g  170.  The c r u d e  
p r o d u c t  was  p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  
m e t h y l e n e  c h l o r i d e )  t o  y i e l d  *J5';S 172 ( 0 . 2 0  g ,  0 . 7 5  
mmo l ) :  mp 8 9 - 9 1 ° C  ( l i t . 62 mp 9*4°C);  IR ( KBr )
30*10,  2 9 0 0 ,  2 2 0 0  ( CD) ,  21*40 ( CD) ,  1 5 9 0 ,  1*190,  13*15 and  1160 
( S 0 2 N ) ,  1 0 8 0 ,  7 7 0 ,  7 5 0 ,  6 9 0 ,  590 cm- 1 ; 1 H NMR 
( CDC13 ) cT 2.*) ( b r  s ,  0 . *4 H) , 7 . 0 - 7  . 5 (m,  ( H ) ;  1 3C 
NMR ( CDC1 3 ) c f  1*43. *43, 1*11. *11, 1 3 2 . 6 6 ,  1 2 9 . 3 5 ,  1 2 8 . 3 3 ,
1 2 7 . 9 2 ,  1 2 7 - 2 6 ,  1 2 6 . 6 2 ;  ma s s  s p e c t r u m ,  m/ e  ( i n t e n s i t y )  269  
( 2 1 ,  M+ 2 ) ,  268 ( 6 5 ,  M+1) ,  267 ( 3 3 0 ,  M) ,  266  ( 1 0*1),  265 
(1 2 3 ) ,  261 ( 1 6 6 ) ,  2 0 3  ( 1 2 2 ) ,  2 0 2  (8*1) ,  201 ( 5 0 ) ,  2 00  ( 1 5 ) ,  
197 (1 *1) .
C r o s s o v e r  R e a c t i o n  o f  170 and 172 w i t h
n - B u t y l l i t h i u m .  E q u i m o l a r  a m o u n t s  o f  t h e  
s u l f o n a m i d e  170 ( 0 . 1 3 6  g ,  0 . 5 2 2  mmol )  a n d  172 (0. 1*10 
g ,  0 . 5 2 2  mmol )  w e r e  d i s s o l v e d  i n  d r y  THF ( 1 5  mL) u n d e r  
n i t r o g e n  i n  an o v e n - d r i e d ,  t h r e e - n e c k e d ,  r o u n d - b o t t o m e d  
f l a s k  e q u i p p e d  w i t h  a m a g n e t i c  s t i r r e r ,  s e p t u m  c a p  a n d  a 
n i t r o g e n  i n l e t  a n d  o u t l e t .  A w a t e r  b a t h  was  u s e d  t o  a b s o r b  
t h e  h e a t  o f  t h e  r e a c t i o n .  r i - B u t y l l  i t h i u m  (2 
e q u i v a l e n t s ,  1 . 3  mL o f  a 1 . 6  M s o l u t i o n  i n  h e x a n e ,  2 . 1  mmol )  
was  a d d e d  t o  t h e  s o l u t i o n  v i a  s y r i n g e .  The  s o l u t i o n  
t u r n e d  b r o w n  i m m e d i a t e l y .  The  r e a c t i o n  wa s  m o n i t o r e d  b y  TLC
1 4 4
( m e t h y l e n e  c h l o r i d e )  a n d  a f t e r  f i f t e e n  m i n u t e s  a l l  o f  t h e  
s t a r t i n g  m a t e r i a l  was  g o n e .  The  r e a c t i o n  was  q u e n c h e d  w i t h  
w a t e r  ( 2  mL) a n d  t h e  THF wa s  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  
The  r e m a i n i n g  a q u e o u s  m i x t u r e  was  e x t r a c t e d  t h r e e  t i m e s  w i t h  
e t h e r  ( 6 0  m L ) . T h e  c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d  a n d  t h e  s o l v e n t
r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  The  c r u d e  p r o d u c t  was  
p u r i f i e d  by c o l u m n  c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  m e t h y l e n e  
c h l o r i d e )  t o  g i v e  3 6 . 6% r e a r r a n g e d  c omp o u n d  ( 0 . 1 0 1  g ) :  n p  
1 30°C ( l i t . 35 mp 1 3 4 - 1 35°C ) ; I R ( KBr )  3400 ( NH) ,
3 0 4 0 ,  2 9 4 0 ,  2 8 9 5 ,  2 8 0 0 ,  2 0 4 0  ( CD) ,  1 960  ( CD) ,  1 6 0 0 ,  1 56 0,  
1 5 1 0 ,  1 4 6 0 ,  1 3 2 5 ,  1280 a n d  1140  ( S 0 2 ) ,  1 0 8 0 ,  8 0 0 ,  7 0 0 ,
6 4 0 ,  5 6 0 ,  51 0 c m " 1 ; 1 H ( C D C l ^ c f  2 . 4  ( s ,  2 . 4 H ) ,
2 . 8  ( d ,  1 . 6 H ) ,  3 . 1 7  ( b r  s ,  1 H ) ,  6 . 1 - 7 . 9  (m,  8H) ; 1 3C NM?. 
( CDC13 ) cT  1 4 7 . 8 8 ,  1 4 3 . 8 2 ,  1 3 9 . 1 7 ,  1 3 5 . 2 0 ,  1 3 0 . 2 9 ,
1 2 9 . 6 1 ,  1 2 6 . 8 1 ,  1 2 1 . 6 1 ,  1 1 5 . 8 5 ,  1 1 1 . 7 2 ,  3 0 . 0 7 ,  2 1 . 5 3 ;  m a s s  
s p e c t r u m ,  m/ e  ( i n t e n s i t y )  269 ( 1 2 ,  M+2) ,  268 ( 3 9 ,  M+1) ,  267
( 1 2 4 ,  M) ,  2 66  ( 1 1 4 ) ,  265  ( 1 5 ) ,  2 6 4  ( 1 2 ) ,  2 6 3  ( 1 6 9 ) ,  262
( 1 1 7 ) ,  261 ( 351)  .
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